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This thesis describes a conceptual design ofa computerized land inventory model, which is 
required to be implemented by local authorities in South Africa to record and maintain 
information about lands held in urban informal settlements. Specifically, it explores the use 
ofa geographical information systems (GIS) application to design a prototype model of an 
informal settlement land database, which in essence would improve the way land 
information (i.e. spatial and non-spatial information) is stored, processed, queried and 
retrieved; and thus facilitate easy access to land information. 
Accordingly, black South Africans were persistently denied equal access to land for urban 
housing and as a result informal settlements have been evolved in and around the major 
cities in South Africa. According to the present South Africa Constitution, local 
authorities in South Africa are required to recognize the existence of informal settlements 
within their areas of jurisdiction, and then supply them with basic services. Presently, 
some of the local authorities in the country have not been able to manage urban informal 
settlements effectively and efficiently due to lack of land tenure information. It has been 
reported that informal dealings in lands held in urban informal settlements have not been 
recorded in the existing cadastral records, which are maintained at the deeds registry 
offices throughout the country, and thus unavailable to the local authorities. Local 
authorities in South Africa require this vital information for a number of reasons. It 
includes monitoring the growth of urban informal settlements that are within their 
jurisdiction, determining the existing land use pattern and identifying lands in urban 











One possible solution to the above scenario is to implement a land invent01Y model with 
communi!'! participation in the recording and maintenance ofland records at the settlement 
level. This thesis therefore describes the tecn.f1ical processes that could be put in place at 
the settlement level to compile and expedite the flow of1and tenure information between 
local authorities and the urban informal communities. In this regard, the study has focused 
largely on addressing the question as to who is occupying what site in an urban informal 
settlement, and where (location) and by what de facto vested rights or capacity are they 
held. This aspect has been dealt with in the design of the prototype informal settlement 
land database model. The proposed land database model was implemented using ArcView 
GIS to examine its flexibility. Also, land allocation and registration models suitable for 
providing legally enforceable lands rights in urban informal settlements have been 
addressed. 
Finally, the strength and weaknesses of the system design have been analyzed, and the 
thesis ends with some recommendations, which prompt for further investigation to be 
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CHAP1"eRpl\U;:INTRODtJCTIQN . I ':' 
1.1 BACKGROUND TO THE STUDY 
Primarily, the study aims at designing a conceptual model of a land inventory/registration 
model, which could be implemented by local authorities in South Africa to record and 
maintain information about lands held in urban informal settlements within their 
jurisdictions chiefly for land management purposes. Specifically, the study explores the 
use of a geographical information systems (GIS) application to design a prototype model 
of an informal settlement land database, which in essence is required to improve the way in 
which this information is stored, processed, queried and retrieved. According to Davies 
(1998), local authorities in South Afiica do not have a mechanism in place at the moment 
to record and maintain information about lands held in urban informal settlements that are 
not in the process of being regularized or formalized. He explains further that the lack of 
this information is severely hampering the ability of local authorities in South Africa to 
manage urban informal settlements effectively. 
Tn South Afiica, the land policies of the past apartheid government have contributed 
greatly to the development of informal settlements in and around urban cities throughout 
the country. According to Davies (1998) and Thomas et al (1998), for many years, 
black people in South Mrica were denied equal access to the land in the country, and as 
a result very little land was made available for black urban housing. Subsequently, 
Durban Metro Housing Department (2000) has reported that there are about 139 908 
informal dweJ1jngs in Durban Metropolitan Area. Davies (1998) has also acknowledged 
the existence of over 100 informal settlements in East London Metropolitan Area. 
It has been stated that lands held in most urban informal settlements in South Africa were 











formal (or legal) registration of land rights (Fourie, 1994). Nevertheless, talr.iug into 
account the factors underlying the development of urban informal settlements in South 
Africa, the present democratic goverrunent is duty-bound to recognize the existence of 
informal settlements in the country and then supply them with basic services and social 
amenities. These requirements have so far been enshrined in the present South Africa 
Constitution (Act 108 of 1996)(Section 152 (1 a) & (1 e», and local authorities have been 
mandated to supply basic services such as water, garbage and sewerage removal, etc. to 
informal settlements within their jurisdictions, and also to provide them with a secure 
land tenure model which will protect the existing de Jacto vested land rights of the 
informal dwellers (South African Government, 1997:47). 
According to Davies (1998), local authorities in South Africa depend extensively on the 
existing cadastral record, which is maintained at the deeds registry offices throughout the 
country, to provide basic services to the people. Seemingly, information about lands held 
in urban informal settlements in South Africa has not as yet been recorded in the existing 
cadastral record, and thus not readily available to the local authorities. It is against this 
background that a land inventof'j model has been proposed in this study to facilitate 
readily access to information about lands held in urban informal settlements for land 
management purposes. 
1.2 OBJECTIVE OF THE STUDY 
The primary objective of this study is to contribute to theory building concerning the use 
of geographical information system (GIS) in urban informal settlement land management. 
In order to achieve this objective, the following tasks were targeted: 
);> A literature review of the statutory requirements and examination procedure of the 
existing deeds registration system in South Africa (Chapter 2). 











in South Africa based on examination of the literature (Chapter 2). 
~ Development of a need~ analysis in respect of recording information about lands held 
in urban informal settlements, and making them readily available to the local 
authorities through the use of computers and state-of-the-art GIS applications 
(Chapter 2). 
~ Design of a conceptual model of a land inventory system based on the need~ analysis 
(Chapters 3 and 4). 
~ Implementation of the proposed informal settlement land database model usmg a 
ArcView GIS application (Chapter 4). 
~ Evaluation of the system design in terms of performance and how well it could be 
integrated with the existing deeds registration system (Chapter 5). 
1.3 RESEARCH METHOD AND PROCEDURE 
The following procedure outlines the methods used in this study: 
• Visits to Surveyor-General and Deeds Registry offices m both Cape Town and 
Pietermaritzburg for interviews. 
• A literature review of the practice and procedure underlying deeds registration system 
in South Africa (Chapter 2). 
• A literature review of land management functions of local authorities in South Africa, 
and land tenure practice in urban informal settlements in South Africa (Chapter 2). 
• Defining a land inventory/registration model suitable for recording and maintaining 











• ModelHng and prototyping an informal settlement land database (Chapter 4). 
• Evaluating the proposed land inventory/registration model with regards to 
performance and how we]] it can be integrated with the existing deeds registration 
system (Chapter 5). 
1.4 DATA SOURCES 
The followi...ng data collection methods were used: 
);.> A desktop study of academic journals, books and theses in the libraries of the 
University of Cape Town, South Africa Chief Directorate of Survey and Mapping in 
Mowbray (Cape Town) and University of Durban (Pietermaritzburg Campus). 
);.> Interviews with personnel at the Surveyor-General and Deeds Registry offices in Cape 
Town and Pietermaritzburg, and also at Pietermaritzburg-Msunduzi Transitional Local 
Council (TLC). 
);.> Internet searches on land registration, land inventory and land management systems. 
);.> Compilation of a simulated data set for implementing the proposed informal settlement 
land database model. 
1.5 SCOPE OF THE STUDY 
This dissertation describes a land inventory model for recording and managing information 
about lands held in urban informal settlements in South Africa. A study of this nature 
would require a general knowledge of the existing land tenure practices in urban informal 
settlements in South Africa, and also the deeds registration system. The importance of the 
proposed model is to enable local land managers secure easy access to land tenure 











sites in urban informal settlements, date of allocation, and the geographical locations of 
allocated sites and other physical features that are of interest to local land managers from a 
land management perspective. Among other things, local land managers may require this 
information to monitor the growth of urban informal settlements that are within their 
jurisdictions effectively and also to provide them with the necessary infrastructure and 
social services. Tn this regard, this study has been 1imited in scope to address the question 
as to who is occupying what site and where in a particular informal settlement, and by 
what de facto vested land rights or interests in the sites ( or plots) being held. This aspect 
has been addressed in the modelling of the proposed informal settlement land database. 
Also, this study is focussed on large urban informal settlements that are made up of wards 
or suburb areas and with each ward having its own elected leaders. This aspect has also 
been incorporated in the proposed land inventory/registration modeL 
1.6 ASSUMPTIONS AND LIMITATIONS OF THE STUDY 
Firstly, the design of the proposed land inventory model is based on the assumption that 
land tenure practices in urban informal settlements in South Africa are the same and also 
each urban informal settlement has an elected executive committee in place to deal with 
land al1ocation, dispute resolution and general discipline. The rationale behind this 
assumption is that the land inventory model as discussed in Chapters Three and Four 
demands a partnership between local authority officials and the community leaders for the 
recording and maintenance of land tenure information at the settlement level. It is 
envisaged that through this partnership, informal dwellers in South Amca v·lill embrace the 
proposed land inventory/registration model and see it as a resource. 
Secondly, with regards to tJle creation of the proposed informal settlement land database 
mode~ it was assumed that each allocated site in the urban informal settlement has at least 
a physical structure (or a building) built on it either for dwelling purposes or other use. 
Accordingly, it has been stated that some of the allocated sites in urban informal 











result, allocated sites and structures built on them could not be modelled in the proposed 
informal settlement land database as separate entities; instead they were both represented 
as one entity. The same also applies to un-surveyed sites that are within a demarcated 
surveyed block. 
The only limitation of this study is that an ideal informal settlement land database could 
not be modelled to address the requirements of local land managers regarding information 
about lands held in urban informal settlements. This is reviewed in terms of the structure 
a.fJ.d the content of the proposed informal settlement land database model. It was difficult 
populating the land (or spatial) database model with a simulated data set. However, it is 
worth noting that this is a prototype database model, which is required in this study to 
demonstrate the flexibility of using a GIS application to manage land tenure information. 
1.7 ORGANISATION OF THE THESIS 
This dissertation is categorised into six major chapters. Chapter One outlines the 
background and the objectives of the study, research method and procedure used, data 
sources used, the scope of the study, assumptions and the limitations ofthe study. 
Chapter Two addresses the concept of land tenure and land management framework, and 
acknowledges the relevance of GIS technology in land management. Particularly, it 
reviews the existing practice and procedure of the South African deeds registration 
system, and also the land tenure practice in urban informal settlements in South Africa. 
Lastly, it outlines the forces that drive the need for a computerised land 
inventory/registration model. 
Chapter Three describes a land inventory and registration model that could be 
implemented by local authorities in South Africa for managing information about lands 
held in urban iP.formal settlements in South P..frica. First of all, it outlines the benefits of 
the proposed land record, and also identifies the information or data set that needs to be 











methodology suitable for capturLflg both spatial (community map) and non-spatial land 
information has been addressed. This chapter also addresses the establishment of local 
land office and the formation of local land allocation board to be responsible for the 
recording and maintenance of land tenure information at the settlement level. 
Land aUocation and registration models suitable for providing legaHy enforceable land 
rights in urban informal settlements in South Africa have also been discussed in this 
chapter. Lastly, maintenance of the land record and its implementation plan have also 
been discussed in this chapter. 
Chapter Four reviews the concept underlying relational database design, and outlines the 
steps taking to construct the proposed informal settlement land database model. Lastly, it 
addresses how spatial and non-spatial data could be retrieved from the proposed informal 
settlement land database. 
Chapter Five re"\l]ews the system design. Primarily, it evaluates the proposed land 
inventory/registration model in terms of performance (i.e. the strength and weakness of 
the model), and also examines how the proposed land inventory/registration model could 
be integrated with the existing South African deeds registration system. 
The sixth and final Chapter summarises the conclusions that have been dravm from this 
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2.1 INTRODUCTION 
8 
In this chapter, the concept of land rights, land tenure and land management, as weIJ as 
geographical information systems (GIS) and land inventory system as tools for effective 
land management have been addressed. Readers understanding of these concepts at this 
stage is essential in that they provide the framework upon which the proposed GIS-based 
land inventory mode1 is developed. The existing land allocation practice in urban informal 
settlements in South Amca has also been addressed, and a need'i analysis in respect of 
recording the underlying de facto vested land rights or interests in lands held in urban 
informal settlements, and making this information readily available to local authorities for 
land management purposes has been discussed. 
Statutory requirements, examination and registration procedures of the existing South 
~4..frican deeds registration system have been reviewed. This aspect is essential to this study 
in that it reviews the current state of the existing deeds registration system, and thus 
enabling the author to identify ways of which the proposed land inventory model could be 
integrated with the existing deeds registration system for the purpose of upgrading the 
underlying de facto vested land rights of the informal dwellers to legally enforceable rights 
as and when necessary. Lastly, the land management functions oflocal authorities in South 
Africa have been discussed, and the use of a GIS-based land inventory model to enhance 












2.2 LAND RIGHTS AND LAND TENURE 
2.2.1 Land Rights 
As already emphasised in Section 1.1, increase in the population of infonnal dwellers in 
and around urban cities in South Africa has resulted in a competition for vacant lands in 
urban areas and also evolution of bundle of rig.ltts to use the land. Primarily, land rights can 
be held in two different ways. It can either be held through a long-standing tradition (or 
custom) of the community in question or by a more fonnal process of the statute law. 
According to Cook (1994), the latter approach is popular in countries where land rights are 
enshrined in the law governing land tenure practice. The traditional method, on the other 
hand, is prevalent in countries where customary land holdings exist (Latu, 1995). 
Toms (1996 quoting Crocombe (1974» and Holzknecht (1994) have identified six-fold 
classifications ofland rights, and these are: 
• Rights or claims to direct use of the land: These may include rights to plant, harvest, 
gather and build on the land. Direct use rights may be held or vested in one or more 
persons in respect of the same piece of land. Subsidiary user rights may also exist, 
including rights of access, and rights to the use of water. 
• Rights of indirect economic gain (e.g. right to rental income). 
• Rights of control: These include rights held by persons other than the user (e.g. those 
held by chiefs or land courts). 
• Rights of transfer: These accord powers to transfer rights over a parcel of land by will, 
sale, mortgage, gift or inheritance. 
• Residual rights such as reversal rights of the clan in the event of the death of the fonner 
rights holder without descendants or collateral heirs. 
• Symbolic rights or rights of identification (e.g. where a rights holder has informaHy 











Latu (1995) has stated that two or more of these rights can exist concurrently in the same 
piece of land, and could also be held by different people or organisations. Simpson 
(1976:7) has also compared the different rights to a bundle of sticks of different thickness 
and lengths. He explains that the number of sticks represents the different rights, the 
thickness represents the extent of each right, and the length represents the time span of each 
right. Based on this philosophy, land rights must be discrete or unambiguously defined, but 
in practice this is not always so. For example, Davies (1998) has stated that land rights in 
urban informal settlements in South Africa are not always discrete due to conflicting claims 
on the same piece ofland. Thus, for local authorities in South Africa to provide a secured 
tenure model in urban informal settlements within their jurisdictions, they need to first 
identify the existing de facto vested land rights of the infonna! dwellers and record them in 
some form that will permit easy access and manipulation. 
Holzknecht (1994) has stated that recording of land rights and the mechanism for their 
enforcement is essential in land management. He explains that recording of these rights 
will enable land managers and other potentia] users to distinguish between land rights that 
are subject to constraints of the statute law, those that are quasi-legal, and those that are 
outside statute law but still subject to customary constraints. The different ways of which 
these rights can be secured or held are discussed in Section 2.2.2. 
2.2.2 Land Tenure 
It can be inferred from the above discussion that, associated with each piece of land is an 
array ofland rights. A.tld t.he way in which people obtain, use and distribute these rights is 
commonly referred to as land tenure. Typically, land tenure is more concerned with the 
rights, restrictions, and responsibilities people have with respect to the land (International 
Federation of Surveyors (FIG), 1994), and there are three main forms of land tenure 












• Freehold Tenure (sa.1lle as Private Ownership in South Africa law): Literally, freehold 
owners can do whatever they like with the land subject to the rights of the general 
public. For instance, they can sell, donate, mortgage and lease t.heir properties as and 
when necessary. Nonetheless, since absolute ownership only exists for the State in 
most countries (UNEC for Europe, 1999), freehold rights are sometimes limited by 
restrictive measures and/or planning regulations that are imposed by statute with 
regards to the use of the land. Tn spite of this, freehold tenure system generally does not 
lapse with time and is freely transferable. 
According to Pienaar (1996: 14), until recently freehold rights were restricted mainly to 
the White South Africans. He explains that during the apartheid era, Black South 
Africans were made to occupy land under a variety of conditional tenures, which 
includes residential permits, site permits, deeds of grant, certificate of occupation, 
permission to occupy (PTO's) and quitrent, and these tenures were only for a short-term 
and were designed specifically to deny Black South Africans equal opportunity to own 
land in areas of the country reserved predominantly for the White South Africans 
(pienaar, 1996:14). Apparently, even though the present democratic government has 
repealed the past racially based land policies, freehold tenure is still rare in most urban 
informal settlements in South Africa (Davies, 1998). Davies (1998) has stated that this 
form of land holding may soon change in some urban informal settlements in South 
Africa since plans are underway to open township registers in some of these settlements 
to effect transfer of freehold rights to the individual dwellers. 
• l,easehold Tenure (same as Lease in South Africa law): Leasehold, on the other hand, 
means that the freehold owner has relinquished some of the rights in the land to another 
person or group of people for a certain period of time (usually up to 99 years), and 
subject to certain conditions. During this period, the leaseholder can have exclusive use 












According to a work done by Davies (1998), occupants of surveyed plots in some 
urban informal settlements in South Africa (e.g. Mzamomhle township in East London) 
are under lease agreement \\tith the local authorities concerned. He explains that 
although this contractual agreement is not as strong as registered real rights, it does 
however provide certain degree of tenure security to its holders. For instance, 
leaseholders are able to defend their derived real rights at an administrative structure 
higher than the powers of the settlement executive and 'ward (or area) committees. 
• Customary Tenure: Acquaye (1984) has pointed out that customary land tenure does 
not lend itself easily to a precise definition due to its variation between communities. 
However, in the context of this study, customary land tenure is defined as the system 
ofho!ding rights to land, which is derived from the operations of the traditions of the 
people affected (Benwell and Ezigbalike, 1994: 179). 
Accordingly, customary land tenure is characterised by ownership ofland in common by a 
community, which can be a family or an extended family (clan), or a tribal group (Latu, 
1995). According to Pienaar (1996:8), access to and use ofland by individuals or fumilies, 
under this system, are usually regulated by intricate customary traditions (or customs). 
These customs sometimes allow chiefs or heads of clans to act as trustees and administer 
the clan's land (Castro, 1984:184). In this case, chiefs have a broad discretion to allocate 
the land among the tribe members for residential, cultivation and grazing purposes 
(pienaar, 1996:7). Granting of land rights to individuals or families by tribal leaders 
usually involves performing of public ceremonies (Latu, 1995), He explains that these 
ceremonies are carried out in order to make the grant knO\vn to other members of the tribe 
with regards to the nature of the rights and also the location and extent of the land being 
granted. 
Cross (1994:177) and Davies (1998) have also stated that people in urban informal 
settlements in South Africa are influenced by traditional rural values (or customs) even 
when they are born and raised in the urban informal settlements. As a result, the existing 











urban informal settlements in South Africa are identical to that of the rural (or customary) 
tenure practice (Cross, 1994:177). For example, these researchers have stated that until 
such time that a township register is opened in these communities to effect transfer of 
freehold rights to individuals, informal dwellers cannot sell the sites (or lands) that have 
been allocated to them by the settlement executive committee. A further discussion about 
land allocation practice in urban informal settlements in South Africa is addressed later in 
this chapter. The ensuing section however discusses the development and operation of the 
existing deeds registration system in South Africa in terms of legal requirements, 
examination and registration procedure of deeds. 
2.3 LAND REGISTRATION AND OVERVIEW OF SOUTH AFRICA 
APPROACH 
Land registration system, according to FIG definition, is the official recording of rights or 
interests in land (International Federation of Surveyors (FIG), 1994). There are three 
recognised systems for recording rights in land, namely; private conveyancing, registration 
oftitle, and registration of deeds. A discussion of these systems is outside the scope of this 
dissertation. The following section however reviews the systems as being practised in 
South Africa. 
2.3.1 Overview of South Africa Deeds Registration System 
Tn South Africa, the system of deed registration, which is based on Roman~Dutch law, has 
been in operation since 1652 (Jones, 1964~ Twomey, 1987; du Plessis, 2000). According 
to Henssen (1995), tlte South Africa deeds registration system is an improved fonn of 
deeds registration system in that it is based on a cadastral mapping and examination of the 
deeds or other documents. Fourie and van Gysen (1996:5) have also stated that the South 
African deeds registration system is bound up with an efficient cadastral system which is 
recognised internationaJJy especially in African countries such as Malawi, Kenya, 
Zimbabwe and Botswana. According to UNCHS (Habitat) (1990:9), cadastral systems 











maps upon which individual land parcels could be identified. Barnes (1990:9) has 
pointed out that the South African deeds registration system uses a register that reflects all 
registered rights to a land parcel and also carries the history of all previously registered 
documents to the last registered deed. In essence, the deeds register reviews at all times 
how a vendor acquired a certain property and the conditions under which the property was 
acquired. 
History has it that the registration system as existed in Holland in the 12th century, was 
introduced to the Cape colony in 1685 (Twomey, 1981:2) by the Dutch colonists who first 
arrived at the Cape of Good Hope with Commander Jan van Riebeck in 1652 (Jones, 
1964:10). According to Twomey (1981:2), a debt registry ,"vas first established in 1114 at 
the Cape colony to deal with mortgages on itnmovable properties, but in 1828 a Registrar 
of Deeds was officially appointed to take over the day-to-day administration of the deeds 
registration system. 
Thereafter, other deeds registry offices were opened· in other parts of the country (as 
shown in Figure 2.1) to oversee the administration of the deeds registration system. 
According to Jones (1964), the first deeds registry office in the Republic of South Africa 
was opened in Cape Town in 1839 for the province of Cape of Good Hope. Seven others 
were opened in the following areas in South Africa as indicated in Figure 2.1 (overleaf): 
• Pietermaritzburg for the colony of Natal in 1846. 
• Bloemfontein for the Republic of the Orange Free State (now Free State) in 1856. 
• King Williams Town for the territory of the British Kaffraria in 1858. 
• Pretoria for the Republic of South Africa in 1866. 
• Kimberly for Griqualand West in 1812. 
• Vryburg for the Republic ofSteltaland in 1883. 
• Rand Township Registration Office in Johannesburg for the mining districts 10 











According to McLachlan (pers. com, 2000), even though the magisterial boundaries have 
since changed, the administrative boundaries of the existing deeds registry offices 
remained unchanged, however, there is now a registry office at Umtata for the former 
Transkei in the Eastern Cape Province and the surrounding to\\'11S. Under the current deeds 
registration system, the following documents and certificates can be registered at any of 
the above-listed deeds registry offices in South Africa: deeds of grant, deeds of transfer, 
certificates of consolidated title, certificates of amended title; personal and praedial 
servitudes (or easements), mineral rights, leases, interdicts and caveats. 
Figure 2.1: Locations of Deeds Registry Offices in South Africa (After Jones, 1964; I 











Functionally, the Deeds Registries Act (Act No. 47 of 1937) requires that each transfer 
deed or document be prepared by a conveyancer, and lodged at a deeds registry office for 
examination. The transfer documents must be submitted together with approved survey 
diagrams or plans of the properties concerned. These diagrams or plans, which show the 
exact positions, dimensions and description of the properties under consideration, must 
first be examined and endorsed by a Surveyor-General based on the requirements of the 
Land Survey Act (Act NO.8 of 1997) Under no circumstances would a deed be registered 
in South Africa without the attachment of an approved survey diagram or plan of the land 
in question. Figure 2. 2 (overleaf) shows the flow of the examination procedure of deeds as 
being carried out at deeds registry offices throughout South Africa. 
As indicated in Figure 2.2 (overleaf), the greater part of the registration process is devoted 
to the scrutiny of deeds and other documents. And during this time, the examiners at the 
registry critically check on interdicts and caveats that have been endorsed on the deeds or 
documents against the registration of previous transactions, This is carried out through 
extensive cross-references. The examiners also ensure that the legal requirements of the 
Deeds Registries Act (Act No. 47 of 1937) with regards to preparation and correctness of 
deeds are met. The examiners, in this case, have the power to reject deeds that do not meet 
the specified requirements. As indicated in Figure 2.2, the examination cycle officially 
ends when the registrar or his designate appends his or her signature on the deeds or other 
documents (i.e. at the execution stage). So far, the individual real rights have been well 
supported by the existing deeds registration system but at a high cost. Accordingly, the 
South Amcan deeds registration system is said to be very costly (Fourie, 1994:16; 
Buckley, 1995:2). 
Tn relation to this study, a review of the existing deeds registration system explains 
categorically the reason why land transactions have been taking place outside the deeds 
register in urban informal settlements in South Africa. This is argued on the basis of the 
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registry offices. The following section outlines the land allocation procedure as carried out 
in urban informal settlements in South Africa. 
2.3.2 Land tenure practice in urban informal settlements in South Africa 
As stated in Section 2.2.2, land tenure practice in some urban informal settlements in South 
Africa is similar to the traditional tenure pattern in the sense that although individual 
dwellers have a piece ofland to build a house or dwelling, the land remains the property of 
the community in question (Davies, 1998). Davies (1998) has pointed out that in some 
urban informal settlements if a person wishes to leave the settlement, he or she is required 
to seek permission from the settlement executive committee to sell the house or any 
physical structure on the land but not the land itself This role of the settlement executive 
committee is comparable to that of the local chiefs in that they all have control over who 
lives in the settlement Also, identical to the rural (or communal) tenure practice, informal 
dwellers can live on the lands that have been allocated to them as long as they behave 
according to the rules of the community (Davies, 1998). Any resident member who 
commits serious moral offence such as murder, theft, etc. can have their de jacto vested 
land rights terminated. In effect, the land allocation practice in urba.'1 informal settlements 
in South Africa is governed by these rules. 
With regards to power structures in some urban informal settlements in South Africa, 
Davies (1998) has again identified a similarity with the communal tenure system whereby 
chiefs and sub-headmen of the induna wards are responsible for land allocation. In the 
case of urban informal settlements, settlement executive and ward (or area) committees are 
usually elected by the dwellers of the settlement to deal with land allocation, dispute 
resolution and general discipline. The settlement executive committee, which is the 
highest power structure in most urban informal settlements (David, 1998), is made up of 
chairs of at! the ,vard committees in the settlement and other appointed members. The 
ward committees in this case are responsible for the people in the various wards in the 
settlement. According to Davies (1998), informal dwellers respect the authority of the 











and general discipline. The ensuing sections outline the requirements and the procedure of 
allocating sites to newcomers in urban informal settlements in South Africa. 
2.3.2.1 Probation 
Accordingly, newcomers are required to have a sponsor or a relative already residing in the 
settlement, and also to undergo a period of probation before being allocated a piece of land 
in the settlements (Davies, 1998). Cross (1994:179) has stated that communal practice of 
sponsorship and probation has been modified in urban informal settlements in South Africa 
to speed up the land allocation process. In some informal settlements in South Africa, 
strangers or newcomers are required to submit a letter of conduct ITom their previous place 
of residence before being allocated a place to build houses of their 0\\'11 in the settlement. 
Davies (1998) explains that whenever a permission is granted to a newcomer to live in a 
settlement, a member of the executive committee marks out a site (or a plot) to the person 
concerned, and also gives the person a number to be painted on the door of his or her house 
for identification purposes. Thereafter, details of the person are recorded in an exercise 
book, which is kept by the executive committee. One thing that cannot be guaranteed in 
this case is whether these records are kept up-to-date with regards to occupancy and land 
usage. For instance, in large settlements, the currency of this record cannot be ascertained 
since people leave their houses or shacks without notifying the settlement executive or 
ward committees concerned (Barry, 1999). 
2.3.2.2 Allegiance and Affiliations 
It has also been established that in some informal settlements in South Africa, newcomers 
are required to join or affiliate with a local group such as a political party in the settlement 
before being recognised (Byerley and McIntosh, 1994:172). Davies (1998) has confirmed 
this by stating that the residents of Mzamomh Ie township (or settlement) in East London 
are also required to be members of a particular political party before being granted a piece 
ofland for dwelling. According to Davies (1998), this aspect ofland allocation in urban 











in the mral community shows allegiance to the chiefs or heads of clans in return for the 
privilege of belonging to the tribe. 
In comparison, la..TJ.d allocation practice in urban informal settlements in South Africa, 
although not well stmctured in some cases, gives de facto land rights to the residents as 
long as they remain in the settlement. In this case, the executive committee ensures that 
de facto land rights of these residents are protected within t.1te community involved, as 
long as they behave well according to the set mles. The allocated sites in most cases are 
not surveyed as required by the existing deeds registration system, and informal dwellers 
do not have to pay exorbitant fees to have their details recorded by the executive 
committee. However, for land mal1agement purposes, availability ofland information in 
its current form is essential, and since one cannot guarantee the currency of these records 
as compiled by the executive committee, it is essential that a land inventory model of 
some kind be put in place to facilitate easy recording and maintenance of this information. 
The purpose of this study is therefore to identifY a methodology, which will expedite 
recording and dissemination of land information between local authorities and the local 
communities for land management purposes. The next section addresses the concept of 
land management in respect of managing the use and development ofland. 
2.4 LAND MANAGEMENT 
Land management, according to International Federation of Surveyors (FIG) (1994) and 
Okpala (1992:262), involves a process of recording and managing the use and 
development of land resources. This definition seems to be central to the study in that it 
expresses the importance of recording and managing land tenure information including 
lands held in urban informal settlements. Accordingly, land management embraces all 
activities that are concerned with the management of land as a resource from both 
environmental and economic perspectives (UNEC for Europe, 1999). It covers such 
matters as: 











• Property assessment and valuation; 
• The development and management ofutilities and services; 
• The formation and implementation ofland-use policies; 
• Environmental impact assessment; 
• The monitoring of an activities on land that affect the best use of the land. 
Williamson (1991:47 quoting Ljung and Farvaque of the World Bank, 1988), has listed 
the following as essential components of effective land management: 
• A legal framework for easy land transactions; 
• Procedures and regulations that ensure that land is made available at affordable cost; 
• Taxation measures to stimulate efficient land use and equitable land distribution; 
• Registration systems that can identify land ownership, facilitate transfer of ownership 
and assure taxes to be assessed and collected. 
According to Davies (1998), the above land management functions are already in place in 
South Africa except that it does not extend to informal settlements. Tn other words, the 
existing deeds registration system has no information about lands held in urban informal 
settlements that are not in the process of being formalised. Okpala (1992:262-3) and Latu 
(1995:18) have pointed out that 'without adequate identification and inventory of land, 
effective land management is hardly possible. According to Nicols (1994), land tenure 
information such as conditions of title, ownership descriptions, survey information, land 
use, and zoning is essential to land managers in that it serves as a basis for implementing 
and enforcing land management decisions. UNCHS (Habitat)(1990) has also reported that 
land managers require land tenure information to address the following land management 
quenes: 
• Indicate availability of land for development; 
• Determine existing use ofland; 
• Identify potential for other forms ofland use; 











Davies (1998) has proposed a land management approach based on a partnership between 
local authorities and the informal settlements within their jurisdictions. He explains that 
this partnership will enable local authorities to develop a viable solution for upgrading and 
developing urban informal settlements within their jurisdictions. The proposed 
computerised land inventory model has been designed in the line of Davies' land 
management approach (i.e. participatory approach), but also utilises the power of GIS 
applications and computer systems to store, query, analyse and display spatial and 
descriptive information about lands held in urban informal settlements. The next section 
outlines the relevance of GIS technology in land management. 
2.6 GIS AND ITS RELEVANCE IN LAND MANAGEMENT 
Geographical Information Systems (GIS) is simply referred to as an information system 
that is designed to work with data referenced by spatial or geographic co-ordinates (Star 
and Estes, 1990). In other words, it is classified as both a database system with specific 
capabilities for spatially-reference data, and also a set of operations for working with 
spatial data. The strength of GIS therefore lies in its ability to deal with data that are 
. related to location and real wor1d space, and more importantly, it allows users to record 
adjacency information about spatial entities (ESRI ARCIINFO Data Management, 1994). 
This is its inherent advantage over other systems such as Computer Assisted Drafting 
(CAD) or auto:mated mapping. 
A GIS application is a powerful tool for addressing geographical and environmental issues. 
It allows users to arrange information about a given region as a set of maps with each map 
(or layer as it is commonly known) displaying information about a specific feature of the 
region. These layers can be overlaid using a common reference system (e.g. latitude and 
longitude) so that every location on one layer ( or map) is precisely matched to its 
corresponding locations on all the other layers. Once the referencing is established, 
information displayed on the different layers can be compared and analysed in combination 











In relation to land management, GIS provides both point-and-click query capabilities and 
sophisticated analysis tools to provide timely information to land managers and other 
potential users. With this tool, land managers can handle analytical questions such as the 
following: 
• Who O~lns a particular land parcel or site? 
• How far is it between two places? 
• Where are lands or sites zoned for residential use? 
• \Vhere are lands or sites suitable for building new houses? 
Using a GIS application, the results of these queries can be presented succinctly and 
clearly in the form of a map and accompanying report, allowing land managers and other 
users to focus more on the problem at stake instead of trying to understand the data set. 
Moreover, because GIS products can be produced quickly, multiple scenarios can be 
evaluated efficiently and effectively. 
According to van Rensburg and Dickinson (1991), the greater part of information or data 
used by local authorities relates to discrete land parcels and services within a region and 
therefore has a geographic reference. Riley (1991) has pointed out that local authorities 
are involved with land management tasks, which one way or the other require data set that 
has a spatial component (i.e. Iocational information) and thus need GIS application to 
process them more efficiently. It includes the following: 
(a) Long-term services planning and development relating to: 
./ stormwater and sewerage 
./ water supply and distribution 
./ electricity supply and distribution 
./ roads 
./ waste disposal sites 










./ land planning database, town planning scheme, etc . 
./ land, property and services database 
./ property valuations 
./ capture and maintenance of services and installations data 
./ environmental and ecological monitoring 
./ emergency services planning 
./ refuse collection plannil1g 
(c) Community and amenity related operations, including: 
./ voter's roll 
./ fire inspection scheduling 
./ register of buildings requiring environmental health support. 
24 
According to Becker et al (1999), local authorities need for, and use of GIS can fall into 
several categories including maintaining public records, responding to public enquiries for 
information, conducting studies and making recommendations to decision-makers, and 
managing public facilities and services (i.e. utilities, garbage removal, transportation, etc.). 
The GIS functions that meet these needs are: 
• Providing regular maps; 
• Conducting spatial queries and displaying the results either on a computer or in a report 
form; 
• Conducting complex spatial analyses. 
Becker et at (1999) has pointed out that local authorities undertake many of these tasks, 
albeit by manual means, but concludes that GIS would be able to handling these tasks 
much more efficient1y and effectively. In relation to this study, local authorities in South 
Africa can utilise the power of GIS technology to manage land tenure information by 
setting up a spatial land database. A prototype model of an informal settlement land 
database (i.e. a spatial land database) has been modelled and constructed in Chapter Four 











suitable model for recording information about lands held in the urban informal settlements 
in South Africa. 
2.6 LAND INVENTORY (OR COMMUNITY REGISTER) 
It has been stated that the first step towards land registration is the introduction of a land 
inventory or community registers (The Central Board for Real Estate, Botswana). 
According to these researchers, a land inventory system generally provides a less formal 
record of land holding or ownership. It consists of inventory (or community) maps of low 
accuracy showing vacant and occupied lands, arable lands and other allocated plots (or 
sites) within the community, and also contains details oflandholders or occupants of these 
properties. Functionally, a land inventory system is not another kind of land registration 
system in that it does not provide or maintain a register, which is recognized at law as the 
fmal authority on land holding or ownership. Nevertheless, according to a report by The 
Central Board for Real Estate (Botswana)(1988:5), a land inventory or record system may 
be required for two putposes. First of ail, it could serve as an administrative tool to local 
land officials for their land record keeping and land use planning, and secondly, as a source 
of reliable and easy accessible land information. 
In light of what has been discussed above, it is certain that the proposed land inventory 
model would be suitable for recording and managing information about lands held in the 
urban informal settlements. It is envisaged that this system would bring together all forms 
of spatial and descriptive data using modem computer technology and a GIS application. 
The proposed land inventory model could also be extended to recording of information 
about other land-related features in urban informal settlements that are of interest to local 
authorities from a land management perspective. 
2.6.1 The Need for a Computerised Land Inventory Model 
This section describes the forces that drive the need for a computerised land inventory 











settlements itl South t'.frica has not been included in the existing cadastral record, and as a 
result, local authorities have not been able to administer these communities effectively due 
to lack of land tenure information. To address this situation, local authorities in South 
Africa would require a land inventory model that will facilitate easy access to this 
information and also to improve its distribution by utilising the power of computer 
technology. According to UNEC for Europe (1999), computer technology today offers 
excellent opportunities for the automation of cadastre and the creation of cost-effective 
land management system. Thus, by utilising this technology local authorities in South 
Africa would be able to accomplish the following: 
• speed up the processes of land management functions atthe local authority; 
• decrease the cost and space required for storing land records at the local authority; 
• prevent unnecessary duplication in the processing and storage ofland records; 
• facilitate the compilation of land information and reports that are impossible or 
cumbersome to produce manually; 
• facilitate access to land-related data and improve their distribution; 
• force standardisation in the collection and processing ofland information. 
In relation to land management, local authorities would require this model to: 
• monitor the influx of newcomers to the settlement through the compilation of the land 
record; 
• managing disasters, e.g. flooding and fire; 
• control expansion and development of the settlement, including monitoring informal 
property market; 
• provide security of occupation and regularisation of tenure by issuing PTO certificates 
and other subsidiary titles to residents; 
• empower informal community to participate in providing and using information held in 
a local land record; 











• determine existing land use and zoning; 
• document, quef'j, analyse and display spatial and descriptive information about lands 
held in urban informal settlements using a GIS application; 
• link the proposed spatial land database to other land related information systems when 
the need arise. 
2.7 DISCUSSION 
This chapter has reviewed the concept of land tenure, land management, geographical 
information system, and land inventory system, and has established that land is so vital to 
human existence and development, and thus needs to be managed effectively in terms of 
usage and control. It has been mentioned that different rights can exist concurrently in the 
same piece ofland, and these rights may differ in terms of nature, extent and duration. To 
distinguish between these rights for various reasons, it has been stated that some form of 
recording system should be put in place. One such recording system is the existing 
cadastral record, which is maintained at the deeds registry offices throughout the country. 
The cadastral record generally describes the extent of each land parcel and links them to 
the record describing the nature of the interest affecting them, ownership of those interests, 
and often the value of the parcels and their improvements. The quality of the existing 
cadastral record can be validated by the quality of the existing deeds registration system in 
South Africa, which is esteemed in some African countries. The only problem with the 
existing system in relation to this study is that it does not extend to informal settlements. 
From a land management perspective, it has been argued that local land managers require 
adequate information about each land parcel in order to make an informed decision 
regarding its use and development. In this regard, it is essential Lhat local authorities in 
South A.frica secure readily access to information about lands held in urban informal 
settlements that are within their areas of jurisdiction. It has been said that even though the 
existing land allocation practice in urban informal settlements in South Africa keeps details 











occupation and usage cannot be guaranteed. This is argued on the basis that cert.ain 
individuals in urban informal settlements vacate their plots without notifying the executive 
or the ward committee concerned. Thus, addressing the research objectives, it has been 
mentioned that by utilising the power of computer technology and GIS software 
application, local land managers would be able to speed up the processes of land 
management fimctions, produce regular maps and handle complex spatial queries. The 












Van Rensburg and Dickinson (1991) have stated that one of the greatest assets oflocal 
authorities in South Africa is the information that they have gathered over the years. 
According to their report, local authorities use this information to manage facilities that 
are within their jurisdiction, and also to address the numerous queries from the general 
public. As already indicated in Chapter Two, some of the local authorities in South 
Africa have very little or no information about lands held in urban informal settlements 
that are within their jurisdiction with regards to details of occupants and the underlying 
de facto vested land rights (Davies, 1998). Davies (1998) has also stated that since there 
is no mechanism in place at the moment to record this vital information, some of the local 
authorities have not been able to render and maintain high quality services to urban 
informal settlements that are within their jurisdiction. 
Tn this regard, this chapter describes a land inventory model, which could be 
implemented by local authorities in South Africa to record and maintain information 
about lands held in urban informal settlements. According to The Central Board of Real 
Estate (Botswana)(1988), land inventory systems generally produce a less formal record 
of land holding, and are intended primarily as administrative tools for land record 
keeping and land use planning. Thus, the proposed land inventory model as described in 
this chapter has specifically been modelled to serve as an administrative tool for urban 
informal settlement land management. The proposed land inventory model is termed a 
GIS-based model in the sense that it utilises the power of computer technology and the 
state-of-the-art GIS application to store and process both spatial and non-spatial land 
information about lands held in urban informal settlement. 
The chapter begins by addressing some of the anticipated benefits of the proposed land 











settlement land database. The chapter continues with a data collection methodology that 
could be implemented by local authorities in South Africa for the capturing of both 
spatial and non-spatial land information. The establishment of the proposed local land 
offices and localland allocation boards to enforce legally enforceable land rights in urban 
informal settlements in South Africa; land allocation and registration models suitable for 
upgrading the existing land tenure practice in urban informal settlements in South Africa 
have also been discussed. Lastly, maintenance of the proposed local land record and its 
implementation plan have also been addressed. 
3.2 BENEFITS OF THE PROPOSED LAND INVENTORY MODEL 
With reference to a research work done by Davies (1998), the proposed land inventory 
model has the tendency of improving the land management functions of local authorities 
in South .Africa with regards to providing tenure security in urban informal settlements. 
Some of the anticipated benefits are as follows: 
• It increases community participation in developing local communities. Davies (1998) 
has stated that community participation is considered a major benefit in that it 
emphasises on training and capacity building. He explains that it gives the local 
residents a tool to articulate and motivate needs based on the interpretation of the 
local land record. Josayma (1996) has also acknowledged the importance of 
community participation in land management and development. He explains that it 
gives local residents more confidence during discussions; 
• It gives access to demography information. In this case, local authorities will have 
readily access to a reliable information on how urban informal settlements are 
growing and developing (Davies, 1998); 
• It enables local land managers to monitor the rate of influx and growth of urban 
informal settlements; and 











3.3 INFORMATION/DATA TO BE RECORDED 
General1y, in database modelling, the data set that is stored in a database is more or less 
related to the intended use of the database. Thus, addressing the question as to who (i.e. 
owner/occupant) is occupying what site and where in the settlement and by what de 
facto vested land rights are the lands being held in urban informal settlements in South 
Mrica and other land-related information, the proposed informal settlement land database 
model as described in Chapter Four has been designed specifically to address the data set 
as indicated below. The choice of these items for this study is based predominantly on 
the requirements of the existing land tenure practice in urban informal settlements in 
South Afiica as described in section 2.3,2, the need'S analysis as discussed in section 
2.6.1, local authorities land management data requirements as listed in section 2.5, and 
JastJy the proposed land inventory and registration models as described in this chapter. 
Readers must note that this is a prototype land database model and thus does not intend to 
address data requirements that are outside the scope of this dissertation. 
• Information about urban informal settlements that are within the jurisdictions of a 
local authority with regards to name, population distribution, area extent and number 
of wards. 
• Information about wards (or areas) of urban informal settlements with regards to 
name, population distribution, area extent and number of wards. 
• Information about demarcated blocks in urban informal settlements with regards to 
block number, number of sites within the block, area extent; population distribution 
and associated general plan number. 
• Information about surveyed and un-surveyed sites (or plots) in urban informal 
settlements with regards to identification code, ward name, geographical10cation (x,y 
co-ordinate), occupation status (i.e. vacant or occupied), land uselzoning (i.e. 
residential, shop, park, farm, playground, etc.) and ownership type (i.e. freehold, 











• Information about landholders or occupants of allocated sites in urban informal 
settlements with regards to name, sex, marital status, name of spouse, number of 
children, date of arrival in the settlement, date of site allocation and names of next of 
kin. 
• Information about newcomers in urban informal settlements with regards to name, 
sex, marital status, name of spouse, number of children, date of arrival in the 
settlement, probation period, sponsor's name, permission to occupy (PTO) certificate 
number, site number and name of next of kin. 
• Information about sponsors or relatives of newcomers with regards to name, sex, 
marital status, name of spouse, number of children, date of arrival in the settlement, 
date of site allocation and name of next of kin. 
• Information about buildings or physical structures that have been erected on allocated 
sites in urban informal settlements with regards to identification code, physical 
description (i.e. block:, wood, stone, etc), date built, owner's name, occupation status 
(i.e. vacant or occupied), number of rooms, etc. 
• Information about streets in urban informal settlements with regards to name, surface 
type, widt.1t and number oflanes. 
• Information about schools with regards to identification code, date built, building 
type (i.e. bricks, blocks, or wood), number of students, geographicallocations, school 
type (t.e. pre, primary or high school), ward's name, number of teachers and 
Principal's name. 
• Information about public toilets with regards to toilet code, date built, building type 











• Information about community halls with regards to hall's name, date built, building 
type (i.e. bricks, blocks, or wood), geographical locations, ward's name and 
caretaker's name. 
• Information about clinics with regards to name, date built, building type (i.e. bricks, 
blocks, or wood), number of rooms, number of beds, geographical1ocations, ward's 
name and doctor in-charge. 
• Information about settlement executive and ward committees, genera1 plans showing 
the block of sites in urban infonnal settlements, starter titles, deed of transfer, 
landhold titles, local land office and local land allocation board will also be recorded. 
Besides recording and storing the above data set in the proposed infonnal settlement land 
database, digital maps showing the geographical locations of al1 the allocated sites in 
urban informal settlements and other physical features that are ofimportance to local1and 
managers would also be captured and queried using ArcView GIS application. Also, 
registers and hard copies of the community maps would be kept at the local land offices 
to serve as reference documents. 
3.4 DATA COLLECTION METHODOLOGY 
The following sections describe a data collection methodology that could be instituted at 
the settlement level for the capturing of both spatial and non-spatial information about 
lands held in urban informal settlements in South Afiica. 
3.4.1 Inventory (or Community) Map 
An inventory or community map, according to The Central Board for Real Estate 
(Botswana)(1988:24), shows boundaries of sites (or plots) in a given locality, their 
descriptions and geographical locations. However, since sites (or plots) in some urban 











defined (Davies, 1998), the geographical locations of buildings or other physical 
structures built on such plots could be captured as point features using a differential GPS 
device. Here, the geographical co-ordinates (i.e. latitude and longitude) of at least one of 
the building corners would be captured and stored in the proposed informal settlement 
land database. 
According to Hartley (pers. com, 1999), in later part of 1998, Durban Metropolitan 
Council embarked on a similar project by capturing the geographical locations of 
informal dwellings that are within its area of jurisdiction with a hand-held GPS device 
(i.e. GeoExplorer II). Here, the informal dwellings were captured as point features and 
exported to ArcView shapefile format for further processing with ArcView GIS 
application. A digital aerial photograph of the informal settlement was geo-referenced 
and used as a backdrop image in ArcView GIS to provide a better view of the settlements 
(see a sample data set in Figure 3.1 overleaf). In relation to this study, the proposed 
local land allocation board will be required to record the geographical co-ordinates of at 
least one of the comers of all un-sUlveyed allocated sites in the settlement using either a 
hand-held GPS device or other simple survey method. With regards to surveyed sites or 
block of sites, the boundary co-ordinates of the outside figure would be stored in the 
proposed informal settlement land database. In both cases, the geographical co-ordinates 
are required for site identification. 
However, prior to the capturing of these coordinates, the author reckons that each 
allocated site in the settlement should be given a special identification code. 
Accordingly, local authorities and other service providers operating within urban 
informal settlements are able to locate sites in informal communities with relative ease by 
using their unique identification codes (KwaZululNatal Numbering System Task Team, 
1999). In this regard, the following section describes a site-numbering scheme, which 
could be utilised by local land allocation board to uniquely identify (or locate) allocated 




















































































3.4.1.1 Proposed Site Numbering System 
As already stated in Section 2.3.2.1, the executive committee of some urban informal 
settlements in South AfHca assigns numbers to allocated sites. However, based on a 
work done by The Central Board for Real Estate (Botswana) (1988), numbers that are 
assigned to allocated sites in informal communities generally do not depict their 
geographical locations. Thus, in an attempt to address this scenario, the KwaZutu/Natal 
Numbering System Task Team (1999) has reported that identification numbers of sites in 
urban informal settlements should be related to the local authority, the settlement and the 
ward in which they are situated. In this regard, the author recommends that allocated 
sites in urban informal settlements in South Africa with or without identification numbers 
should an be given special codes, which must reflect the local authority, the settlement 
and the ward in which they are situated. Figure 3.2 (below) illustrates how the proposed 
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{,evel I - means that local authorities must be coded within t.he confines of the province 
they fall .. The number of digits will depend on the total number oflocal authorities in the 
province concerned. In this example, it is assumed that within each of the nine provinces 
in South Africa, the total number of local authorities will not exceed 999. Thus, in this 
example a code of3 digits can be applied. 
Level 2 - means that urban informal settlements within the jurisdiction of each local 
authority 'will also be coded. Again, the code limit will depend on the total number of 
urban informal settlements that are 'within the confines of each local authority. In this 
example, a code of3 digits shall be applied. 
Level 3 - means that each of the wards within the confines of each recognised urban 
informal settlement shaH be coded. The code limit \\~11 also depend on the total number 
of wards in each settlement. Also, a code of3 digits shalt be applied. 
Level 4 - Finally, the individual site numbers (if available). 
Thus, as indicated in Table 3.1 below, the proposed numbering code for a site in a 
particular urban informal settlement would be read as 1111015/043114567. 
Table 3.1: Example of a proposed numbering code 
! Local Authority No.1 Settlement No. Ward No.1 Site No. 
Code III 015 043 • 14567 
i 
Code 103 .020 
1
050 112345 
3.4.2 Non-Spatial Data Collection 
With reference to work done by Davies (1998), a questionnaire could be dra\vo up by the 
10cal1and allocation board for the. coHection of socia! data in the settlement. According 











shopped extensively with the local residents. He explains that local residents must have 
the freedom to amend or reject any part or details of the proposed questionnaire. In his 
opinion, this freedom may create a space and opportunity for community participation in 
the recording of tenure information at the settlement level. He stated fhrther that the 
intentions of the local land office must also be spelt out clearly to the local residents in 
order to win their uttermost support. 
In relation to this study, the above methodology can also be implemented locally. In this 
case, a constituted body comprising of the local executive committee and local authority 
officials can be fonned at the settlement level to deal with the design and the distribution 
of questionnaires to the local residents. The following sections outline the administrative 
set-up that could be put in place for the recording and maintenance of the proposed local 
land record. 
3.5 ESTABLISHMENT OF LOCAL LAND OFFICE AND 
LOCAL LAND ALLOCATION BOARD 
3.5.1 Local Land Office 
According to Foune (1996:10), the establishment of local land offices in informal 
communities could ma.!(e land tenure infonnation readily accessible to the local 
communities, and the follmving could also be accomplished: 
• Build a local knowledge about property rights, thereby improving the legitimacy and 
sustainability of the inventory system; 
• Undertake adjudication over time using local officials; 
• Improve currency in the land inventory or record; 
• Get people to feel that the 10cal1and office is a resource; 
• Get poor people to register their land; 
• Solve boundary, inheritance and group a.rtd individual disputes locally and cheaply 











In relation to this study, the establishment of local land offices in urban informal 
settlements is mainly to decentralise the land management functions oflocal authorities 
in South Afiica for the purpose of recording and managing information about lands held 
in urban informal settlements. Administratively, the proposed local land offices would be 




Figure 3.3: Functional relationship 
I Authority and Deeds Registry Office 
Local Land 
Office (2) 
between Local Land Office, Local 
Accordingly, the proposed local land office could have the following functions 
(Christensen et aI, 1999): 
• Processing and entering data in relation to transactions in respect of starter title and 
landhold title; 











• Ensuring the accuracy and reliability ofthe records through interviev.';ng parties to 
the transaction; obtaining independent verification of details presented by the 
parties, and taking responsibility for the accuracy of such details; 
• Assisting members of the public in the drawing up of standard agreements of sale 
and offering information and advice in relation to property related transactions; 
• Maintaining the 'permission to occupy, PTO' register for the areas within their 
jurisdiction; 
• Ensuring that registration of starter title and landhold title takes place in 
accordance with the prescribed procedures; 
• Liaison with the Deeds Registry offices on matters pertaining to the registration of 
the outside figures of the block of sites in the deeds register a.qd the endorsement of 
the title deed in respect of the block; 
• Liaison with the local land manager on matters pertaining to land policy 
implementation and maintenance ofthe local land record; 
• Facilitating resolution of property related disputes through using local knowledge 
and custom; and 
• Ensuring that information about lands held m urban informal settlements IS 
accessible to the public. 
(Christensen et ai, 1999) 
3.5.2 Local Land Allocation Board 
From what has been discussed above, a governing body such as the proposed local land 
allocation board, comprising of the local executive committee and local authority 
officials, could be formed at the settlement level to administer land allocation and 
registration functions. It is envisaged that by adopting a participatory approach to 
informal settlement land management, local authorities in South Afiica would be able to 
develop a mechanism that would empower informal community leaders to be actively 
involved in the adjudication of property-related disputes at the local government level, 
particularly in solving disputes related to inheritance. For the partnership between local 











been said that the partnership should be fmmally constituted (Davies, 1998). In other 
words, certain obligations and expectations should be spelt out clearly between these two 
parties. For instance, according to Davies (1998), local authorities could finance and 
provide the necessary technology and training required for the recording of both spatial 
and non-spatial land infonnation at the settlements, whiles community leaders ensure that 
infonnal settlers provide the necessary information to keep the local land record current 
and reliable. Tn this regard, community leaders would be required to assist \vith the 
adjudication, demarcation and collection of land tenure information locally. Certainly, 
informal community leaders would not be able to function effectively without any 
financial gain. In this regard, local authorities would be required to negotiate some 
financial benefits with the informal community leaders during their term of office. 
In order for a local land allocation board to fulfil its functions effectively, the author 
reckons that the local authority official seconded to the local land allocation board should 
be a person with a professional qualification either in town and regional planning or land 
surveying, and also has the appropriate professional experience a.fJ.d drive to administer 
land allocation/registration functions at the local land offices. More so, the person needs 
to have good communication skills to be able to ca.rry out work in cooperation 'with the 
informal community, and also to liaison between local authorities and the infonnal 
communities. Tn this respect, further training could be provided when necessaIy. 
3.5.3 Data Transfer and Access 
With regards to data transfer and access between local land offices and local authorities, 
it is assumed that the necessary hardware and software applications will be made 
available at the local land offices. In this case, using a customised interface, data entry 
can be ca.rried out at the local land offices, and could be accessed by local land managers 
via a local area network (LAN) system. The proposed informal settlement land database 
could be protected against illegal use and misuse of infonnation by incorporating 
password protection and read/write pennissions into the system. It is envisaged that 
through the use of computer systems, state-of-the-art sofhvare applications and local area 











authorities or other organisations could be improved. This information would also be 
available to the general public via the local land offices. 
3.6 LAND ALLOCATION MODEL 
A..s stated in Chapter Two, except where a township register is opened at informal 
settlements, the executive committee controls or manages the land they occupy. The 
following steps outline a methodology that could be implemented at the local land offices 
to standardise land allocation functions in urban informal settlements. 
Step 1: Applicant or a newcomer must first find a vacant piece ofland suitable for his/her 
purposes. The site could either be standalone or within a demarcated block of sites in the 
settlement. 
Step 2: Applicant will check with the ward committee concerned to be certain that the 
land in question is really vacant. This is to avoid double allocation. 
Step 3: If the chair of the ward committee gives his/her consent, then the applicant can 
submit a completed application form to the chair of the ward committee concerned for 
onward submission to the local land al1ocation board for approval. 
Step 4: The local land allocation board will interview the applicant to ascertain the use of 
the land, and relevant information that needs to be recorded in the database can be 
obtained. 
Step 5: If the application is successful, then a site within a demarcated block will be 
allotted to the said applicant. At this stage, the local authority official and other members 
of the local land allocation board will be required to set out the comers of the allocated 
site. For identification purposes, geographic co-ordinates of one of the comers of the 
site would be recorded with a hand-held differential GPS device. The digital community 











board will also be required to assign identification numbers to the allocated site based on 
the proposed site numbering scheme. 
Step 6: 'Permission to occupy, PTO' certificates (not a deed of transfer certificate) would 
be issued to the applicant. This is required to provide some degree of security to 
landholders at the settlement and also to entice them to co-operate in the recording of 
land tenure information at the settlement level. This is not a proof of ownership at this 
stage as it only indicates that a site in the settlement has been allocated to the said 
applicant. 
3.7 LAND REGISTRATION MODEL 
As already stated in section 1.1, local authorities in South Africa are required by the 
current constitution to upgrade the existing land tenure practice in urban informal 
settlements to a formalised one such as a freehold or leasehold tenure. According to 
Davies (1998), this conversion can only take place after a township register has been 
opened in an informal settlement. However, based on research reports by Christensen et 
al (1999) concerning the development of a flexible land registration system in Namibia, 
the author reckons that the proposed forms of tenure, na.tnely; starter title and landhold 
title, could also provide tenure security in urban informal settlements in South Amca. 
The fonowing sections describe aspects of the starter title and landhold title. 
3.7.1 Starter Title 
According to Christensen et al (1999), a starter title is a basic form oftenure for informal 
communities and can be registered in respect of a block of sites consisting of 40 to 100 
family units. The block of sites, in this case, could be owned by a local authority, a 
private developer or an NGO. The purpose of the starter title is: 
• to create an inexpensive and simple form of land registration which provides a 











or to new occupants in an area earmarked for development in a 'green fields' 
context; 
• to provide a tool for land management at the local government level; 
• to provide a record offami1ies and individuals occupying land in a defined area; 
• to establish a rational basis for planning the layout of an area and the installation of 
engineering services; and 
• to establish a basis for further upgrading of tenure over time. 
(Christensen et aI, 1999) 
Starter title could provide holders \vith the following rights (Christensen et aI, 1999): 
• The right to perpetual occupation of a site within a block of sites; 
• The right to transfer or otherwise dispose of the right subject to local custom or a 
constitution of the group occupying the site to restrict transfer; 
• One can build a permanent structure without the fear of being moved once a layout 
plan for the area has been approved; 
• Group cohesiveness within the outside figure would be important because the outside 
boundary is designed to protect occupants' rights against the state and outside groups, 
but it wiIJ not protect people from encroachment by their immediate neighbours 
within the block; 
• While the block would be registered in freehold ownership in the main registry, the 
starter title would be recorded at the local land offices; 
• A conveyancer need not prepare registration documents. Local land office officials 
would be required to assist people with the preparation of transfer agreements and 
other simple land transactions; 
• There wiJ] be no survey of the internal boundaries within a block. Hedges and fences 
could be encouraged to provide a measure of certainty as to the location or extent of 











3.7.2 Landhold Title 
landhold title, on the other hand, has certain aspects of ownership but without the 
complications offul1 ownership. According to Christensen et al (1999), this title could 
provide holders with the right to occupy a particular site in perpetuity. Tn this case, the 
site could be sold, transferred and otherwise disposed of, or mortgaged. 
Accordingly, the landhold title would: 
• be recorded in the local land offices; 
• not necessarily register landhold rights usmg conveyancers as the range of 
transactions would be limited, and the local land staff could be trained to recognised 
each of these transactions; and 
• al10w boundaries of sites to be mapped at a lower accuracy by a technician and not a 
professional surveyor. 
(Christensen et aI, 1999) 
According to Christensen et al (1999), upgrading ITom starter title to landhold title will 
only be possible when the whole group within a block of sites agrees to do so. Tn 
practice, starter title would not require adjudication as the title v.rill be a form offamily 
title and internal boundaries would not be surveyed. landhold title, on the other hand, is 
more individualised than the starter title, and so an adjudication process must take place 
so as to ensure that the right parties become owners upon upgrading (Christensen et aI, 
1999). The ensuing section describes how these titles could be applied in this study. 
3.7.3 Application to the proposed Land Inventory Model 
From the foregoing discussion, it can be inferred that starter title and landhold title could 
bot.lI provide some degree of tenure security to landholders in urban informal settlements 
in South Africa. Thus, in relation to this study, the author recommends that allocated 











block of sites. In this case, depending on the size of a settlement, a block of sites could 
contain between 20 and 50 sites or plots. 
Furthermore, since the majority of the informal settlers cannot afford to survey the outer 
boundaries of the block(s), local authorities would be required to undertake the initial 
survey of the outside figures and the registration of the block of sites in accordance with 
the Land Survey Act (Act NO.8 of 1997) and the Deeds Registries Act (Act No, 47 of 
1937) respectively. In this case, local authorities will be entitled to keep the original 
copies of the group titles or certificates, but would be required to provide copies to 
landholders within the block of sites. The group titles, in this case, must bear the names 
and signa1;t,.1fes (or thumb prints) of all the landholders within the block of sites. This 








Figure 3.4: Possible route for upgrading the existing land tenure 











Moreover, besides issuing landholders \Xlith copies of the group title, the local land 
allocation board will be required to replace the existing 'pennission to occupy (PTO)' 
certificates 'with the starter title certificates, which must be endorsed by the local land 
managers. Upgrading of the 'pennission to occupy (PTO)' certificates to starter titles 
would be based on the details as recorded in the local land record. Also, as illustrated in 
Figure 3.4 overleaf, the starter titles could be upgraded to landhold titles when the 
landholders within the block decide to do so. Likewise, the landhold titles could finally 
be upgraded to freehold titles once a township register is opened in a settlement. The 
ensuing section describes how starter title and landhold title rights can be registered at 
the local land office. 
3.7.3.1 Registration procedures in respect of Starter title and Landhold title 
rights at the Local Land Office 
As already stated, the entire block must first be registered in accordance with the existing 
legislation as applicable to freehold title. Here, a professional land surveyor is required 
to survey the outside figure of the block(s) in accordance with t.lte existing Land Survey 
Act, and lodge the corresponding diagram or general plan for approval at the Surveyor-
Generals office. When approved, the outside figure of the block(s) could then be 
registered at the deeds registry office by a conveyancer, In this particular instance, an 
application could be made for the freehold title deed of the property to be endorsed to the 
effect that starter title rights would be registered against the said property and that the 
records in this regard will be held at the local authority. The effect of such an 
endorsement will be that the block(s) would not be dealt with in any manner save as may 
be required in tenns of the applicable legislation to upgrade starter title into landhold title 
or freehold title. According to Christensen et al (1999), the owner of the property (e.g. 
local authority or NGO) should be allowed to register servitudes over the property 
without the pennission of the starter tide holders. 
Once the demarcation and registration of the block(s) is completed, details of existing 
occupiers within the block(s) would be recorded and entered into the proposed land 











will be required to complete an application form at the local land office. In addition, 
applicants would be required to appear in person at the local land office to verifY the 
information as provided. Once the board is satisfied with the information provided and 
the details have been entered into the land database, holder's copy of the starter title 
certificate will then be issued to the beneficiaries. With regards to transfers, both the 
transferor and transferee would be required to appear at the local land office to register 
the said transfer. This approach is required to counteract fraud and coerced transfers. 
IBndholder title rights, on the other hand, could be registered either as the outcome of the 
upgrading of starter title rights or may be registered as the first form of tenure 
(Christensen et aI, 1999). According to Christensen et al (1999), the following steps 
should precede registration of landhold title rights: 
• outside boundaries of the underlying land on which landhold title IS to be 
established have been surveyed by a professional land surveyor; 
• erf or plot has been registered as a single plot in the name of a single owner. In 
other words, any subdivisions or consolidations to create a single plot may have 
been completed; and 
• any title deed conditions or underlying rights inconsistent with the envisaged use of 
the property have been removed, cancelled or the holder's consent obtained. 
Once these steps have been addressed, the owner of the underlying title ca.q submit 
application to t.~e local land office for the opening of a landhold title register. 
Accordingly, the approval of a landhold title register would not have the effect of 
subdividing the block. Tn other words, the owner of the block would continue to be the 
owner until such time that the landhold title right is upgraded to a freehold title. At this 
stage, the block would be subdivided and professional land surveyors would be required 
to survey the individual sites within the block(s). For security purposes, the deeds 
registry office and Surveyor Generals' office will be notified of the registration of starter 











3.8 MAINTENANCE OF THE LOCAL LAND RECORD 
According to Okpala (1992), data maintenance is often more important than the initial 
system creation and installation. Therefore once the land data has been collected and 
input into the proposed informal settlement land database, it is essential that local land 
managers ensure that new dwellings and changes in land use or allocation are recorded 
and incorporated into the system. In this regard, the ward committees would be required 
to monitor and record erection of new dwellings within their jurisdiction. 
On the other hand, Davies (1998) has stated that the land record system could be 
designed in such a way that local residents would be encouraged to inform the local land 
al1ocation board through their ward representatives of land sales, transfers, subdivisions 
or out-migration. According to him, participants could be given priority over non-
participants when allocating serviced erven in the s.ettlements. In relation to this study, 
such benefits could also be instituted to encourage informal settlers to provide the 
necessary land information with regards to land sales, transfers, subdivisions and out-
migration. 
3.9 IMPLEMENTATION PLAN 
From the foregoing discussion, a need for a simple and fairly accurate method of 
recording and maintaining land record in urban informal settlement is evident. The first 
step of instituting such a system is to put in place a policy decision plan to manage this 
system. Such a policy decision plan would give the necessary official status to the first 
phases of the implementation programme, and also provide the programme with an 
overall time-schedule and action plan. 
The following implementation plan has been proposed for the land inventory model: 












(ii) Selection of a pilot project area (i.e. an infonnal settlement) to adjust and refine 
the proposed method under real conditions; 
(iii) Meeting with the local residents of the pilot project area to discuss aspects of the 
proposed land record in terms of what it does, why it is desirable and how the 
entire community would benefit from the information that is held in the land 
record. These meetings are needed to create awareness about the system and also 
to encourage participation. 
(iv) Appointment of a local land manager to oversee the day-to-day running of the 
proposed local land office; 
(v) IdentifYing and purchasing of suitable hardware and software applications for the 
storage, processing and dissemination of the land data; 
(vi) IdentifYing a suitable location for the local land office in the project area; 
(vii) Formation ofthe proposed local land allocation board to deal with land allocation 
and related issues locally; 
(viii) Preparation of questionnaires for data capturing; 
(ix) Selection of an appropriate mapping technique for the capturing of the 
geographical locations of sites and other features of interest; 
(x) Demarcation of the outer boundaries of the block of sites; 
(xi) Numbering of the sites and recording oflandholders details into the land database; 
(xii) Processing and dissemination ofland infonnation across the local area network; 
(xiii) Evaluation ofthe pilot project outcome and identification of training needs; 
(xiv) Launching ofa ful1-scale programme of the land inventory mode1. 
3.10 CONCLUSION 
This chapter has discussed a land inventory model in the context of recording and 
maintaining information about lands he1d in urban informal settlements in South Africa. 
n was established that the land inventory model could serve as an administrative tool for 
effective record keeping and land use planning, and also as a source data for upgrading 
the existing tenure situation in urban infonnal settlement into freehold tenure. The 
information that needs to be inventoried into the proposed infonnal settlement land 











capturing of both spatial (map) and non-spatial land infonnation have also been 
addressed. It is evident from this discussion that GIS and GPS applications can play an 
importa.Tlt role in the recording and manipulation ofland infonnation. For instance, sites 
in urban infonnal settlements that do not have spatial dimensions defined, can first be 
captured as point features using either a GPS surveyor other simple survey method, a.Tld 
then linked to their attribute information using a vector-based GIS software application. 
It is evident that the use of aerial photographs as backdrop images in GIS application 
could give users a better view of undeveloped urban infonnal settlements. The 
importa.Tlce of having an identification code that relates to the geographical locations of 
sites in urban infonnal settlement has also been emphasised. It is stated that service 
providers such as the local authorities require these codes to locate sites in urban infonnal 
settlements with relative ease. Furthermore, it is established that the recording and 
maintenance of Ia.Tld infonnation in urba.Tl infonnal settlements would not be an easy 
process without the establishment of local land offices and the formation of local land 
allocation board. Primarily, this is required to create a partnership between local 
authorities and the community at large for the recording and maintenance ofinfonnation 
about lands held in urban infonnal settlements. 
Land alIocation and registration models that are suitable for managing lands held in urban 
informal settlements have also been discussed. It \vas emphasised that the starter title 
and landhold title could be implemented as intennediary titles, but could later be 
upgraded to freehold title. In other words, upgrading of the existing tenure practice in 
urban informal settlements in South Africa could be carried out in three phases. That is, 
from 'permission to occupy' certificate to starter title, then to landhold title and finally to 
a freehold title. 
The benefits of the proposed land inventory model have been outlined, and it includes 
such things as improving the efficiency of land administration. It has been stated that 
prior to a full implementation of this model, policy decision plan should be put in place to 











weaknesses of the mode! in real condition, and based on the outcome of the pilot project, 
training needs could be identified a.t'ld addressed. 
The next chapter addresses the construction of the infonnal settlement land database. 
Particularly, it explores the flexibility of using a vector-based GIS software application to 












Geographic Information Systems (GIS) belongs to a class of computer systems that require 
the building of databases before they become useful. One of the goals of database 
development is to eliminate redundant data collection and storage. In other words, data is 
col1ected once and accessed by all those who need it. This chapter addresses the design and 
construction of the proposed iPSormal settlement land database. As already indicated, this 
chapter explores the flexibility of using a vector-based GIS app1ication to store, retrieve, 
display and manipulate records from the informal settlement land database. It is important to 
note at this stage that the proposed informa1 settlement land database is a spatial. database 
model and thus \\ljll be addressed as such. 
The chapter begins with an overview of a relational database design as proposed by Elmasri 
and Navathe (1989), and also discusses Chen's Entity-Relationship model in the context of 
modelling the proposed land database. The proposed land database was implemented using 
Arc View GIS software application. 
4.2 DESIGN PHASES OF THE INFORMAL SETTLEMENT LAND 
DATABASE MODEL 
According to Marble (1988), database design is generally the development of the database 
structure as well as definition ofits contents. Elmasri and Navathe (1989) have defined the 
goals of database design as follows: 
• To insure that an data needed to satisfY user's requirements are stored in the database; 
• To eliminate redundant data; 











• To support the specified processing requirements and performance objectives. 
Typically, database design process involves the following phases as schernatised in Figure 4.1 
below: 
a) Col1ection of data related to the intended uses of the database (i.e. requirements collection 
and analysis); 
b) Interpretation of users' needs and the development of a conceptual schema (i.e. 
conceptual modelling); 
c) Mapping of conceptual schema into the data model of the database management system 
(DBMS) (i.e. logical modelling); 
d) Specification of storage structures and paths (i.e. physical modelling); 
e) Implementation of the database. 
C MINIWORLD~ 
REQUIREMENTS 
COLLECTION AND ANALYSIS 
CONCEPTUAL DESIGN 
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In modelling the proposed i..rrformal settlement land database model, the following design 
methodology as proposed by Environmental Systems Research Institute, Inc (ESRI, Inc, 
1994: A..~CIINFO Data ~1anagement) for spatial database modelling was considered together 




ModeHtng users' view concerning land tenure information; 
Defipjng entities and their relationships; 
IdentifYing spatial representation of entities; and 
Matching conceptual models to GIS geographic data sets. 
(ESRI, Inc, 1994: ARC/INFO Data Management) 
The tirst three steps (as indicated above) basically develop the conceptual mode! of the 
proposed informal settlement land database, classifying spatial features based on 
understanding of the data required to support land management functions of the local 
authorities, atld also deciding on their spatial representation (i.e. either as points, lines or 
polygons). The last step develops the logical model of the proposed land database. 
4.2.1 External Modelling: Requirements Collection and Analysis 
This phase involves stratehJ]c planning, implementation plan and data flow modelling. Here, 
the designer identities main users and determines users' data requirements and also establishes 
query types. The designer does so by intervie¥.ljng prospective users of the database to 
understand and document their data requirements. Tn this study, however, the external 
modelling of the proposed informal settlement land database model was carried out based on 
the information as gathered ITom the interviews conducted by the author at Cape Town and 
Pietermaritzburg deeds registry offices, and also at Pietermaritzburg-Msunduzi Transitional 
Local Council, and also a desktop study of the existing land tenure practices in South Amca. 
4.2.2 Conceptual Modelling: Entity-Relationship Approach 











Navathe (1989) have stated that the Entity-Relational model is close to users' perception of 
the data and application, and it is independent of database management systems (DBMS), and 
also provides flexibility for modifications during the design process. In relation to this study, 
the conceptual design of the infonnal settlement land database model was carried out using 
Chen's Entity-Relationship model. According to Maciaszek (1990), Chen's Entity-Relational 
model uses the concept of entity, relationship and attribute to represent data in a database. 
He defines entities as things or objects of the real world, about which a set of data is 
conected, correlated and stored in a database. Relationship, on the other hand, is defined as 
the direct association between entities with common attributes or characteristics, and 
attributes as the properties that describe the entities and relationships. 
On the Entity-Relationship diagram, these items are graphically represented using the three 
basic symbols (i.e. rectangle, diamond and ellipses). Entities are represented as rectangles, 
relationships as diamonds and attributes as ellipses (Elmasri and Navathe, 1989) (see 
Appendix B). With regards to the design of the informal settlements land database model, the 
follo'wing entities were identified, and their key attributes and spatial representation in GIS 
have been defined in Table 4.1 (overleaf). Details of these entities have been listed in 
Appendix A. 
4.2.3 Mapping of Conceptual model into Relational model 
The next phase ofthe design process after conceptual modelling is the logical modening. This 
phase involves the transformation of the conceptual model (or Entity-Relationship diagram) 
into relational data model. The relational data model, which was introduced by Codd in 1970, 
stores data in a database as a collection of relations (or tables). Here, each column in a table 
represents an attribute, and each row is a conectlon of related data values for each attribute. 
There are two aspects of integrity in relational data model that need to be emphasised in this 
study, namely; entity integrity and referential integrity (Codd, 1970). The entity integrity 
ensures that each relation (or table) has at least one primary key. The primary key, in this 
case, can be a combination of one or more attributes and whose value can uniquely identity 
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Date Allo 
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Str_Name (PK), SmType, Width, NO_QfJane, Ward_Nam~ Line 
(FK) 
Sur]er _ ID (PK), PLS _No, Com _Name, Com_Tel None 
I Ward_Name (PK), InC Name(FK), Population, Area.,p~ Polygon 







Referential integrity, on the other hand, requires a relational database management system 
(RDBMS) to keep each foreign key consistent \\~th its corresponding primary key, A foreign 
key is a primaf'j key of one table that is embedded in another table, Both primary and foreign 
keys playa unique role in database application. Whilst primary keys provide quick access to 











or more tables. As a rule of thumb, both primary and foreign keys must be underlined on 
Entity-Relationship diagram to distinguish them from the other non-key attributes (Maciaszek, 
1990)(see Appendix C). The diagram in Appendix C represents the mapping of the 
conceptual schema in Appendix B into relational model, but for the sake of clarity some of the 
attributes as listed in Appendix A have been omitted from the diagram. 
Also, depending on the participation constraints, relationships between entities can be 
presented in different ways in a relational data model. For instance, a binary one-to-many 
(1 :M) relationship can be presented by including the primary key of the ( one-) entity type into 
the table of(many-) entity type. For example, as indicated in Appendix C, the key attribute 
inf_ name of the INFORMAL SETTLEMENT table (i. e. one- entity type) has been 
represented in the WARD table (i.e. many- entity type). In this example, the key attribute 
inf_ name of the INFORMAL SETTLEMENT table has become a foreign key in the WARD 
table. With regards to one-to-one (1: 1) and many-to-many (M:M) relationships, 11 does not 
matter which of the two key attributes is represented elsewhere. 
4.2.4 Physical (or Internal) Modelling 
Physical (or Internal) modelling is the process of choosing a specific storage structure and 
access requirements for the database files in order to acpieve good performance for the 
various database applications such as update, delete, insert and display of records. In view of 
this, the physical modelling depends largely on the database management system (DBMS) 
used (i.e. the software) and also the capacity of the hardware system. At this stage of the 
design process, the database designer would take into account the various options available in 
the database management system (DBMS) for fi1e organisation and access requirements 
(Elmasri R.f1d Navathe, 1989). 
Commenting on the software component of the physical modelling of the proposed informal 
settlement land database, Arc View GIS as a vector-based GIS application has an index 
fhnction, which speeds access to data by ordering the values in the fields or columns. There 











spatial index. The attribute index helps ArcView GIS to find records in t.1)e database more 
rapidly. This function improves the performance of data retrieval operations based on values 
that are indexed (e.g. join, link and simple queries operations). 
Spatial index, on the other hand, improves Arcview's performance of such operations as 
identif.;ing spatia] features, spatial joins, and theme-on-theme selection. A spatial index is 
created automatically whenever a spatial join or theme-on-theme selection is performed, or 
when a theme's Shape field in the attribute table is indexed. 
4.3 CONSTRUCTION OF THE INFORMAL SETTLEMENT 
LAND DATABASE WITH ARCVIEW GIS 
The first step in developing a database is to acquire the data set, which can be in variety of 
forms (e.g. ascii text, digital maps or layout, images, photographs, scanned documents, etc.). 
Thus, constructing the proposed informal settlement land database, two sets of data were 
captured and processed with ArcView 3.1, namely, shapefiles (or themes) and their 
descriptive information in tabular form. In all, eleven shapefiles (or themes) were created 
from a sLrnulated data set, namely, WARD, LOCAL LAND OFFICE, INFORMAL 
SETTLEMENT, BUILDING, COMMUNITY HALL, STREET, PUBLIC TOILET, 
CLINIC, BLOCK, SITE and SCHOOL. 
The WARD theme contains polygon features that represent the physical boundaries of wards 
in an urban informal settlement. INFORMAL SETTLE.t\.1ENT, BWCK and SITE themes are 
also represented as polygon features. In this case, the INFORMAL SETTLEMENT theme 
represents the area extent of recognised urban informal settlements that are within the 
jurisdiction of a local authority. The BLOCK theme represents the area extents of block of 
sites in each ward. The SITE theme represents al10cated sites within a block of sites. 
BUILDING theme, on the other hand, contains point features that define the geographical 











PUBLIC TOILET, CLINIC, LOCAL LAND OFFICE and SCHOOL themes also contain 
point features, which as well define their geographical locations in the settlements. The 
STREET theme however contains line features, which represent the street centre lines. In 
this study, the attribute tables of tbe above-mentioned themes and also the foHowing Dbase 
tables: LOCAL LAND ALLOCATION BOARD, NEWCOMER, WARD COMMITTEE 
CHAIR, EXECUTIVE COMMITTEE, SPONSOR, PTO CERTIFICATE, STARTER 
TITLE, LA]\IDHOLD TITLE, DEED OF TRANSFER, SURVEYOR, GENERAL PLAN, 
and PERSON were an created with ArcView GIS. ArcView GIS automatically defines a 
Shape field in the corresponding table whenever a new theme is created. Additional fields or 
columns can then be added to the new table by defining the following parameters: 
• The item (or column) name; 
• The item (or column) width (i.e. number of spaces required to store the item values); and 
• The item type (i.e. integer, or character, or numeric and or date). 
Generally, GIS applications use a geo-relational model to establish and maintain connection 
between spatial features and their attribute information (Enviromnental Systems Research 
Institute, Inc., 1994: Introducing Arc View). They represent spatial features as an interrelated 
set of spatial and descriptive data. This is so because spatial features and their corresponding 
attribute data are both labelled with a common feature identifier or code. Thus, in a GIS 
environment, users can display attribute information about spatial features by selecting the 
features, or creating dynamic (or derived) maps based on their attribute ip£ormation. In this 
regard, ArcView GIS has the functionality of ]inking spatial features to their attribute 
information, and thus useful for addressing the queries as listed in Appendix D. 
One other functionality of .A..rc View GIS that can be useful for manipulating land information 
at the local authorities is its hot link facility. This facility basical1y al10ws Arc View GIS users 
to associate and display additional data about spatial features from a view by clicking on the 
feature with the hot link tool. The data set, in this case, can be an image, a photograph, a text 
file or a document containing additional textual information about spatial features. For 











Institute, Inc., 1994 - Introducing Arc View): photographs, remotely sensed data, scanned 
data, satellite data and graphics. The image data could also be in one of the following image 
format: TIFF (Tag Image File Format), X-Bitmap, MacPaint, Microsoft Dill (Device 
Independent Bitmap), SunRaster File, GIF (Graphics Interchange Format). 
To use the hot link facility, it must first be defined in the feature attribute table, and to do so 
an additional field must be added to the feature attribute table for the storage of the full path 
name of the image data or document. Also, a predefined action (e.g. l1nk to text file, link to 
image file, or link to document) and the field that contains the path name of the image data 
or document must be specified in the hot link "'~ndow panel of the Theme Properties dialog. 
Seemingly, each theme in a view can have its own hot link definition. 
In relation to this study, photographs of the buildings or other features of interest in urban 
informal settlements can be captured in a digital form and Hnked to their corresponding spatial 
features using ..A..rcView GIS hot link facility. Once the hot link is defined, users would then 
be able to display photographs of the buildings by clicking on the corresponding features with 
the hot link tool. In this exercise, a sample photograph named aerial. brnp has been associated 
to the point feature (named A8) in the BUILDING theme. Here, the 'Hotlink' field which has 
been added to the BUILDING attribute table contains the path name of the image data 
aerial. bmp. Readers must note that the eyjsting path name of the image data aerial bmp must 
be edited in the BlJILDING attribute table whenever the image data or file is moved to 
another directory or location. The stifY disk, which has been provided with this document, 
contaLtls an ArcView project called informal.apr. This file contains all the themes that have 
been listed in Section 4.3. 
4.4 RETRIEVING DATA FROM THE INFORMAL SETTLEMENT 
LAND DATABASE 
One of the key functions of local authorities is to respond to queries for data sets of some 











}\.rcView GIS is a simple process. Depending on the nature of the query (i.e. spatial or non-
spatial query), a user can work on either a single table or a combination of two or more 
tables. ft..rc View GIS allows users to join a table to the active table based on the values of a 
common field found in both tables. The name ofthe field does not necessarily have to be the 
same in both tables, but the data type must be the same (Environmental Systems Research 
Institute, Inc., 1994 -Introducing Arc View). Thejoin function in ArcView GIS establishes a 
one-to-one or many-to-one relationship between the destination table (the active table) and 
the source table. Typically, the source table contains additional descriptive information of 
features in the active theme that are not available in the theme's attribute table. The source 
table could also be obtained from an external database server such as Oracle or Sybase by 
using ArcView's SQL connection feature. Here, records from the external database server 
can be retrieved into Arc View GIS as tables. 
To select a record from a theme's attribute table and/or a feature from the active theme in a 
view, a query builder interface in ~t\rc View GIS is used to build up a condition or criteria for 
the selection. To do this, the user must select the desired item (or attribute) from a list of 
attributes on the left side ofthe Query Builder dialog box, followed by identifYing an operator 
(i.e. AND, OR, NOT, =, >,< , >=) and lastly specifying the attribute value of the required 
feature (see t."lIe example below). 
Example: 
([L_ Tenure] = "Freehold" AND ([Ward_Name] = "A") 
Tn the above example, freehold sites in Ward A will be selected (or highlighted) in a vielfl ifthe 
SITE theme is the active theme. The same procedure was followed in Appendix E to address 
the sample queries as listed in Appendix D. By customising ArcView with Avenue 
programming language, selection of records from the informal settlement land database could 
be automated by a mere pressing of a button. Nonetheless, this is outside the scope of this 
study. In an ideal condition, local authorities can address this situation by incorporating 











It has been established that the la.t'}d management functions of local authorities include 
maintaining public records, identitying items of interest and subsequent retrieval and 
manipulation, simple display of maps or diagrams, responding to public queries for 
information and maintaining public facilities. These tasks by their nature may require one of 
two types of data set (i.e. spatial or non-spatial data). However, from the above discussion, 
one can conclude that GIS applications have the functionality to address the above tasks much 
more efficiently and effectively. 
Thus in relation to the proposed land inventory model as discussed in Chapter Three, a spatial 
database of this nature can be implemented on a mainframe (or central server) at the local 
authorities and also be monitored by respective local land managers. In this case, updating 
and inputting of land records in the spatial land database or modification of the database 
structure can be carried out at the local land office. As already indicated, a local area network 
(LAN) system can be put in place to anow readily access to this information, and also to link 
up with the external users. This system can also be integrated with other non-GIS databases 
that contain spatial data set. 
4.5 CONCLUSION 
The purpose of this chapter is to design a prototype model of an informal settlement land 
database, which could be utilised by local authorities in South AtTica to manage land tenure 
information about lands held in the informal settlements. In this regard, the application of 
Entity-Relationship model in the conceptual design of the informal settlement land database 
has been discussed. This phase entails data requirement collection and analysis. The data 
requirement, in this case, is more or less related to the intended uses of the informal 
settlement land database model. The conceptual design of the informal settlement land 
database was based on the Chen's Entity-Relationship model, which uses the concepts of 
entity, relationship and attribute to represent data in the database. In all, eleven entities were 
identified for the construction of the informal settlement land database, and their spatial 
representation Lt'} GIS has been discussed. The conceptual schema was mapped into relational 











The physical schema, which depends on both the database management systems (DMBS) 
used (i. e. software) and the capacity of the hardware system to achieve a good performance 
for the various database applications such as update, insert, display of records, etc. has been 
discussed. Commenting on the software component of the physical schema of the informal 
settlement land database, it was identified that Arc View GIS has an index function that 
facilitates rapid access to records in a database. This includes attribute and spatial indexes. 
It is established that ArcView GIS represent spatial features as an interrelated set of spatial 
and descriptive data, and thus by selecting a feature in a view, the corresponding attribute 
information is also selected (or highlighted) simultaneously in the feature attribute table, and 
vis-a-vis. This aspect of ArcView GIS was utilised greatly in the processing of the sample 
queries as listed in Appendix D. Tn a nutsheH, ArcView GIS provides a greater flexibility to 
manipulate records in spatial databases and thus could be useful for managing land tenure 
information about lands held in urban informal settlements in South Africa. The next chapter 












This chapter evaluates the strengths and weaknesses of the system design, and also discusses the 
advantages and disadvantages of implementing the proposed system. This evaluation is based on 
the needs analysis as outlined in Section 2.6.1. The chapter further addresses how the proposed 
land inventory model could be integrated with the existing deeds registration system in the 
context of upgrading the existing de facto vested land rights to a legally enforceable one. 
5.2 STRENGTHS AND PROBLEMS OF THE SYSTEM DESIGN 
As already indicated in Chapter Three, the proposed land inventory model is required to record 
and maintain infOImation about lands held in urban informal settlements in South Afiica. This 
information is required by local land managers to monitor the growth of urban informal 
settlements that are within their areas of jurisdiction. To accomplish this task, local land 
managers need to know the names and addresses of the occupants and/or landholders in each 
urban informal settlement, the geographical locations of all the allocated sites and other physical 
features of interest, and also the underlying de facto vested land rights. This aspect has been 
dealt with in the design of the proposed informal settlement land database. 
However, as indicated i.n Section 3.4.1, some of the sites in urban informal settlements in South 
Afiica do not have their spatial dimensions explicitly defined. As a result, these sites were 
represented in the proposed informal settlement land database as point features. On the other 
hand, sites that are within a demarcated block of sites were represented as polygon features due 
to their fairly defined boundaries. It is worth noting that the proposed land inventory model has 
been modelled such that local land managers will be able to identifY the existing land use pattern 
in urban informal settlements. This information is essential for identif)~ng sites in urban informal 











local land managers 'will be able to monitor the activities i,11 urban informal settlements that affect 
the best utilisation of L1.e land. 
Certainly, not every aspect of the loeal land managers' data requirements could be modelled and 
incorporated into the proposed informal settlement land database. For instance, land 
management tasks such as enviromnental impact assessments; development and management of 
utilities and services, which one way or the other require data sets that have a spatial component 
(i.e. loeational information) were not considered in this study. In addition, the system design did 
not take into account the other informal dealings in land with regards to inheritance, donations 
and sales. Instead, it focused on personal and site details and also the underlying d.e facto vested 
land rights. In this respect, the system design has proved to be an effective tool for managing 
informal settlement land tenure information. 
The use of computer technology and GIS softvvare app1ications in this model offer an 
excellent opportunity for creating a cost-effective land information system at the local 
government level. For instance, these systems together have the tendency of decreasing the 
space required for storing la..f}d records, and also facilitating the compilation of la..l1d 
information and reports that are too cumbersome to produce manually. Secondly, the 
ability of GIS software applications to integrate and analyze a variety of themes or layers of 
spatial data sets provides an effective way of documenting, displaying and analyzing 
informal settlement land tenure information. 
It has been emphasized that for any land tenure system to function effectively in urban 
informal settlements in South Africa, it needs an accessible system of land administration 
where informal settlers will be able to identifY those who have the authority to make binding 
decisions. Moreover, individuals need to know about the steps to take if their underlying de 
facto vested land rights or interests in the land are undermined or threatened. In this regard, 
the proposed la..l1d inventory/registration model will not be practicable unless it is 
transparent and easily accessible. It is envisaged that the involvement of local authority 
officials in land allocation and administration at the settlement level v .... ,11 create transparency 











It is important to note that the proposed land inventory model is Oldy a tool to be used by 
local land managers for land management purposes, as such, it \\~11 not by itself improve or 
reform the existing land tenure practice in urban informal settlements iJl the country. 
Nevertheless, it is anticipated that once the system is implemented, it could provide local 
land managers vnth reliable information that will enable them to identifY ways and means of 
upgrading the existing land tenure sivJation in urban informal sett1ements in South Africa. 
5.3 ADVANTAGES AND DISADVANTAGES OF IMPLEMENTING 
THE PROPOSED LAND INVENTORY MODEL 
The advantages and disadvantages of implementing the proposed land inventory model are 
outlined in the fonowing sections: 
5.3.1 Advantages 
i) The proposed system will enable local land managers to monitor the influx of 
newcomers to informal settlements that are within their areas of jurisdiction; 
ii) This system wiJI build a local knowledge or create awareness about the benefits of the 
formalised property rights through the formation of the Local Land Allocation Board. 
Accordingly, the Local Land Allocation Board will be required to educate informal 
settlers about the purpose and importance of keeping the local land record. 
iii) Locally held land tenure information will be readily available to the informal settlers. 
This is because the proposed local land offices will be located much closer to the 
people than the existing deeds registry offices as shmxm in Figure 2.1. 
iv) Local land managers will be able to identifY allocated sites In urban informal 
settlements. 











This is based on the assumption that informal settlers \vill respect the authority of the 
local executive committee members on the board, and will provide the necessary land 
information regarding the underlying de facto vested land rights, occupation and land 
use. 
vi) With this system in place, boundary disputes, group or individual land disputes will be 
solved locally and cheaply. This is because, the local land allocation board will ensure 
that disputes are resolved based on the records as endorsed in the local land register. 
vii) The proposed land inventory model will provide a much stronger security of tenure to 
the infonnal settlers than the existing tenure system. This is because, the underlying de 
facto vested land rights and the intermediary titles (i.e. starter title and landhold title) 
will be protected by an institution much pigher than the existi..l1g executive and ward 
committees. 
5.3.3 Disadvantages 
i) The proposed system may lack administrative capacity at the settlement level on the 
grounds that some of the local leaders seconded to the local land allocation board may 
lack administrative skills. 
ii) The proposed system is likely to create instability on the part of some of the executive 
and ward cOlllIPittee members whose power over the people lies in the control of the 
land. Hence, the formation of the local1and allocation board may seem to deprive local 
leaders from controlling land allocation in the infonnal communities. 
5.4 INTEGRATING THE PROPOSED SYSTEM WITH SOUTH 
AFRICA DEEDS SYSTEM 
As discussed in Section 2.2.2, the existing land tenure practice in the urban informal settlements 











land. Accordingly, Section 152(b) of the present South African Constitution requires local 
authorities in South Africa to upgrade the existing land tenure practice in urban infonnal 
settlement to a freehold tenure where infomull settlers \vill eventually 0\l1I1 the sites they occupy 
or have the right to occupy the sites in perpetuity. It has been mentioned that the only way by 
which the existing land tenure practice in infonnal settlements could be integrated with the 
existing deeds registration system is by merging the informal system of land transfers, 
subdivisions, land use and land delivery 'with that of the fonnal system. This will mean 
introducing local land record offices, re-engineering professionals and training up local land 
administrators (Fourie, 1996). Some of these aspects have been considered in the proposed 
land inventory model in Chapter Three. For example, the establishment of the local land offices 
in the urban informal settlements, and also the fonnation of local land allocation board to 
administer land allocation and registration functions at the settlement level. 
It has been mentioned that the conversion from the existing land tenure practice in urban 
infonnal settlements to a freehold tenure should not be a sudden process since the majority of 
the infonnaI settJers will not be able to afford the cost of engaging the services of conveyancers 
to prepare deeds or transfer documents on their be...ltalf, and also have t.lteir sites SllfVeyed by 
professional land surveyors. Thus, in the event of integrating the proposed system with the 
existing deeds registration system, it has been recommended that the proposed intermediary 
titles (i.e. starter title and landhold title) should be implemented in Urba.fl infonnaI settlements 
in South Africa. As indicated in Figure 3.4, the proposed land record could be used as a data 
source for upgrading the existing "permission to occupy (PTO)' certificate to a starter title, and 
then to a landhold title, and finally to a freehold title. 
According to Christensen et al (1999), the starter title can be registered in respect of a block 
consisting of 40 to 100 families units, and this block could be owned by a local authority, a 
private developer or a.fl NGO. Seemingly, it is only the outside figure of the block of sites that 
needs to be surveyed by professional surveyors and registered at the deeds registry office by 
conveya.flcers. With regards to the internal boundaries of the block, it has been mentioned that 
hedges or fences could be constructed to provide a measure of certainty as to the extent of the 











As stated in Chapter Three, starter titles could be upgraded to a landhold titles once the group 
agrees to do so. In this case, land survey technicians would be required to map the internal 
boundaries at a minimal fee. The landhold titles ca..f} also be upgraded to freehold titles. Here, 
the internal boundaries are required to be surveyed and registered in accordance with the 
existing legislation. As pointed out in Section 3.7.3 .1, both starter title and landhod title would 
be registered locally at the 10ca11and offices, and local land officials win be required to notifY 
the Surveyor-Generals' office and deeds registry offices to endorse the registration of starter 
and landhold titles against the corresponding general plans and title deeds respectively. 
Aclmi.P..istratively, the local land allocation board would be responsible for the accuracy and 
reliability of the local land record. This aspect is essential in the sense that in the event of 
settling land disputes, the information as recorded in the register kept at the deeds registry 
office in respect of the outside fig'Jres, and the local land record v.rill be consulted. 
5.5 CONCLUSION 
This chapter has discussed the strengths and problems of the proposed land inventory system, 
and has established that even though not every aspect of the local land managers' data 
requirements could be modelled and incorporated in the proposed informal settlement land 
database model, the system is able to address the question as to who is occupying wP.at site and 
where in urban informal settlements and by what rights or interests are the lands held. The 
database implementation has also revealed that computer technology can playa major role in 
the execution of the proposed land inventory model with regards to data manipulation and 
access. if} ot.lJ.er words, certain operations would not have been possible without the use of 
computers, 
It has been established further that even though the proposed informal settlement land 
database contains a less formal record of land holding, it could be used as a data source 
for upgrading the existing land tenure practice in urban L1lformal settlements to a legally 
enforceable one. In this regard, it has been mentioned that in the process of upgrading the 
existing de facto vested land rights to a freehold title, the intermediary titles as discussed 











settlements. This is required to avoid the high cost commonly associated with the freehold 
tenure practice in South Africa. Tn a nutshell, it can be concluded that if the proposed land 
inventory model is well structured in terms of scope and content, then it could be a 
valuable tool for managL.'lg information about lands held in the urban infOfffil'll settlements 


















The primary objective of this study is to design a conceptual model of a land inventory 
system, which could be implemented by local authorities in South Africa for land 
management purposes, and also to upgrade the existing land tenure system in urban 
informal communities to a legally enforceable one, In particular, this study has explored 
the use of GIS application and computer technology to design a prototype model of an 
informal settlement land database, which in essence is required to facilitate land data 
storage, processing and retrieval; and also to expedite the flow of land information between 
local authorities and informal COJl'l.JTIunities. In order to achieve the overall objective, the 
following tasks were targeted: 
• A literature review of the statutof'] requirement and examination procedure of the 
existing deeds registration system in South Africa (Chapter 2). 
• A literature review of the land tenure practice in urban informal settlements in South 
Africa (Chapter 2). 
• Development of a need~ analysis in respect of recording information about lands held 
in urban informal settlements and making them readily available to the local authorities 
through the use of computers and state-of-the-art GIS applications (Chapter 2). 
• Design of a conceptual model of a land inventory system based on the needs analysis 
(Chapters 3 and 4), 
• Implementation of the proposed informal settlement land database model using 
ArcView GIS application (Chapter 4). 
• Evaluation of the proposed land inventory model in terms of performance and how 











This chapter sumJnarises the findings of {pis study, forms conclusions based on the 
findings, and makes the necessary recommendations. 
6.2 SUMMARY AND CONCLUSIONS OF THE STUDY 
Chapter One has dealt with the introduction of the study, and has also addressed the 
background of the study, the research objectives, methods and procedures, the data sources 
used, the scope of the study, assumptions and the limitations of the study. Here, it was 
discovered that, not until the 1990s, black South Africans did not have equal access to th.e 
land in the country for urban housing. Subsequently, informal settlements were developed 
in most urban cities in South Attica to provide housing for the urban poor. The current 
South Africa Constitution has indicated that local authorities in South Africa should 
provide basic services to the informal settlements that are within their areas of jurisdiction. 
In this context, it was also identified that local authorities in South A.mca depend largely 
on the existing cadastral record to carry out their land management functions. Apparently, 
the existi.ng cadastral record does not contain information about lands held in urban 
informal settlements in South ft..frica, as a result, some of the local authorities in South 
Africa have not been able to manage informal commupities effectively due to lack of land 
information. Addressing the research question, a number of data sources \vere utilised. 
This includes UCT library facilities, personal interviews with personnel involved with 
South Africa deeds registration system and 1and administration and Internet searches. 
Chapter Two has' addressed the concept of land tenure, lan.d management and land 
inventory and geographical information systems. It was acknowledged that since land is so 
vital to human existence and development, the land and its rich resources should be 
ad..tDinistered efficiently. Presently, in South Africa, the land adwinistration practice in 
most urban informal settlements is inefficient This problem is further compounded by the 
existence of diverse land tenure practices and land rights that are conflicting with each 
other. In order to address this scena..rio and also to monitor the growth of urban informal 
settlements in the country, it has been mentioned that some form of recording and 
registration models should be put in place at the local government level. Furthermore, to 











applications have been recommended. The benefits of using GIS applications in land 
management have been discussed, a..'1d it includes provision of maps and conducting of 
spatial queries. 
Chapter Three has discussed the proposed land inventory model. It was established that 
the proposed land inventory model could serve as an administrative tool for effective land 
record keeping and land-use planning, and also as a data source for upgrading the existing 
de facto vested la..'ld rights to a legally enforceable one. The information that needs to be 
stored in the proposed informal settlement land database, and a data collection 
methodology that needs to be put in place for the capturing of both spatial (map) and non-
spatialla..'ld information have been addressed in this chapter. In addition, the importance of 
having special codes that relate to the geographical locations of the sites in urban informal 
settlement has been discussed. Accordingly, service providers such as local authorities 
require these codes to locate sites in urban informal settlements with relative ease. 
Furthermore, it is established that the recording and maintenance of land information in 
urban informal settlement will not be an easy process \\Tithout the establishment of local 
land record offices and the formation of local land allocation board to administer land 
allocation and registration fhnctions at the settlement level. It is envisaged that by 
adopting a participatory approach to informal settlement land management, local 
authorities mll be able to develop a mechanism that mll empower local leaders to be 
actively involved in the recording of land tenure information at the settlement level. A 
land allocation and registration models suitable for handling information about lands held 
in urban informal settlement has been discussed in this chapter. From this discussion it 
was stressed that the proposed starter title and landhold title could be implemented in 
urban informal settlements as intermediary titles, and which may eventually be upgraded to 
freehold titles. 
The benefits of the proposed land inventory model have been outlined, and it includes such 
things as improving the efficiency of land management functions locally. It has been 
stressed that prior to full implementation of this system, local authorities must first 











project should be ca.tTied out to assess the strengths and weaknesses of the system in an 
ideal condition, and based on the outcome of the pilot project, training needs could be 
identified and addressed. 
Chapter Four has dealt with the design and construction of the prototype model of the 
infonnal settlement land database. Here, the chapter outlines the steps employed to 
construct the prototype database model. The main steps of the database design process 
entail acquisition of the data set and to present it in the database. With regards to data 
processing and manipulation, it was identified that ArcView GIS stores spatial features as 
an interrelated set of spatial and descriptive data, and thus by selecting a feature in a view 
the corresponding attribute information is also selected (or highlighted) simultaneously in 
the feature attribute table, and vis-a-vis. This function of Arc View GIS was utilized in the 
processing of the sample queries as listed in Appendix D. It is concluded that ArcView 
GIS provides a greater flexibility to manipulate records in a spatial database a..'ld thus could 
be useful for managing infonnation about lands held in the informal settlements in South 
P..:fr:ica. 
Chapter Five has discussed the strengths and problems of the proposed land inventory model, 
and has established that even though not every aspect of t.lte local land ma..llagers' data 
requirements could be modelled and incorporated into t.lte land inventory model, the system is 
able to address the question as to who is occupying what site and where in urban informal 
settlement and by what rights or interests are the lands held. The infonnal settlement land 
database was implemented and a..llalysed using a simulated data set compiled by the author. 
Furthennore, it was emphasised that although the proposed land database contains a less 
fonnal record of land holding, it can be used as a data source in the event of upgrading the 
existing de facto vested land rights to a legally enforceable one. It was stressed that in the 
event of upgrading to a freehold title, t.lte intermediary titles as discussed in Chapter Three, 
must first be enforced in the urban infonnal settlements. It has also been suggested that if the 
intennediary titles are to be enforced at the urban informal settlement for land management 
purposes, then local authorities must be responsible for the initial survey of the outside figure 











Finally, from the foregoi..qg discussions, it can be concluded that if the proposed land 
inventory model is well structured in terms of scope and content, then it could be a valuable 
tool for managing information about la..flds held in the urba.q informal settlements in South 
Africa, and also for upgrading the existing land tenure practices to a legally enforceable one. 
6.3 RECOMMENDATION 
This study has addressed a land inventory model, wpich could be implemented by local 
authorities in South Africa to record fuid maintain information about lands held in urban 
informal settlements. Certain aspects of the proposed land inventory model have been 
discussed in this document but there are other areas that could be investigated further. 
For instance, the proposed informal settlement land database has been mode11ed to address 
the question as to who is occupying what site in urban informal settlements and by what 
rights are the lands held. As a result, land tenure information concerning inheritance, gifts, 
donation, marriage, etc, have not been considered in the system design. However, if the 
proposed system is to be integrated with the existing deeds registration system, then 
features that are essential to the existing deeds registration system must be identified and 
incorporated into the proposed land inventory model. 
Lastly, as indicated in Chapter Five, the formation of localland allocation board and local 
land offices may create instabi1ity on the part of the settlement executive and ward 
cOJllITlittee members whose power over the people lies in the control of the land. In this 
regard, a further investigation should be conducted to ascertain the strengths, weaknesses, 
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ENTITY DATA DESCRIPTION 
Index: 
C Character (or character string) 
Date Date field in the fonn YYYYMMDD 
I Integer 
PK Primary Key (or key attribute) 
FK Foreign Key 








No of room 
Site_No (FK) 
Own _Per _ ID(FK) 
Attribute Description Item Type Width 
Building Code C 30 
Physi~'ll Description C 30 
Date Built Date 8 
Building Use (dwelling or business) C 30 
Location (x,y co-ordinates) C 30 
Occupation Status (occupied or vacant) C 30 
Number of rooms C 30 
Site Number C 30 
Same as Per ID in PERSON's table C 30 







Block Number C 
Surveyor's Name C 
General Plan Number C 
Total Area of the block (in sq. meters) T 
Perimeter of the block (in meters) I 












Per in Char 
Name of Clinic C 30 
Ward Name C 30 
Building Type (bricks, blocks or wood) C 30 
Date Built C 30 













No of Bed 
No of Doc 
Location (x,y coordinates) C 
Number of rooms C 
Number of beds C 












Community Hall Name C 30 
. Date Built Date 8 
Building Type (bricks, blocks or wood) C 30 
Location (x,y co-ordinates) C 30 
Caretaker's Name C 30 
Ward Name C 30 





Deed of Transfer Number 
Landhold Title Number 










6. Entity Name: EXECUTIVE COMMITTEE (Execcom.dbj) 
Ee _Name (PK) 
Tnf_Name (FK) 
Chair Name 




Name of Settlement Executive Committee C30 
Name ofTnformal Settlement C 30 
Chairman's Name C 30 
Same as Per_ID in PERSON's table C 30 
Term of office C 30 
Date of Assumption of office C 30 
Date of Termination of office C 30 




General Plan Number 
Date Plan Prepared 












No of ward 
Name of Informal Settlement C 
Population C 
Total Area of the block (in sq. metres) I 
Perimeter of the block (in metres) I 
















9. Entity Name: LANDHOLD TITLE (I-andhold.dbf) 
L_Title_No (PK) 
S_ Title_No (FK) 
L Date Iss - -
L Date Con - -
Landhold Title Number C 
Starter Title Number C 
Date Issued to applicant Date 










LLAB _Name (PK) 
Chair 




Local Land Allocation Board's Name C 
Chairman's Name C 
Same as Per ID in PERSON's table C 
Term of office C 
Date of Assumption of office C 







Entity Name: LOC.t'..L LA..~ OFFICE (Attributes ofLOffice.shp) 
LLO _Name (PK) Local Land Office's Name C 30 
LLAB _Name (FK) Local Land Allocation Board's Name C 30 
Inf _Name (FK) Name of Informal Settlement C 30 
Location Location (x,y co-ordinates) C 30 
Off Char Officer in-charge r 30 '-" 
Entity Name: NEWCOMER (Newcomer.dbj) 
New Per ID Same as Per ID in PERSON's table C 30 
Start Pro Start of Probation Date 8 
End Pro End of Probation Date 8 
Spofl_Per __ ID (FK) Sponsor's Personal ID C 30 
WC_Name(FK) Ward Committee's Name C 30 
PTO _ Cert (FK) PTO Certificate Number C 30 
Site_No (FK) Site Number I 30 
Entity Name: OCCUPANT (Occupant.dbf) 
Occ _Per _ ID (PK) Same as Per ID in PERSON's table C 30 
Build_Code (FK) Building Code C 30 
Entity Name: OWNER (Owner.dbj) 












15. Entity Name: PERSON (Person.dbj) 
Per ID Personal ID C 30 
Name Name of the person C 30 
Per St Status of the person C 30 
Sex Sex C 30 
~..1arital_ 8t Marital Status C 30 
No of Chil Number of Children T 30 1 
Name_oCSp Name of Spouse C 30 
Date of arr Date of Arrival at the Settlement Date 8 
Next_oCKin Name of Next of Kin C 30 
16. Entity Name: PTO CERTIFICATE (ptocert.dbj) 
PTO _ Cert (PK) PTO Certificate Number C 30 
LLO _Name (FK) Local Land Office's Name C 30 
Date Iss Date Issued to Applicant Date 8 
Date Cony Date Converted to Starter Title Date 8 
PI_Iss Place Issued r" 30 \.../ 
17. Entity Name: PUBLIC TOILET (Attributes of Public TOilets.shp) 
Toilet_Code (PK) Toilet Code Number C 30 
Date Built Date Built Date 8 
Build_Type Building Type (bricks, blocks or wood) C 30 
Location Location (x,y coordinate) r" 30 L-
Ward _ Name(FK) Ward's Name C 30 
18. Entity Name: SCHOOL (Attributes ofSchools.shp) 
Sch_Name(pK) School Name C 30 
No of Stu Number of Students I 30 
Location Location (x,y coordinate) r" 30 L-
Sch_Type Type ofschooi (pre, Primary High) C 30 
Date Built Date Built Date 8 
Ward _Name(FK) Ward's Name C 30 
Prin Name Principal's Name C 30 
No of Tea Number of Teachers I 30 
19. Entity Name: SITE (Attributes ofSite.shp) 
Site_No (PK) Site Number C 30 
Location Location (x,y co-ordinates) C 30 











Peri m Perimeter of the block (in metres) T 30 
PTO _ Cert (FK) PTO Certificate Number C 30 
S_Title_No (FK) Starter Title Number C 30 
L_Title_No (FK) Landhold Title Number C 30 
Ward_Name (FK) Ward's Name C 30 
Block_No (FK) Block Number C 30 
DoT_Title (FK) Deed of Transfer Title Number C 30 
Land Use Land Use (residential, farm or business) C 30 
L Tenure Land Tenure (freehold, leasehold or PTO) C30 
Date_Allo Date Allocated Date 8 
20. Entity Name: SPONSOR (Sponsor.dbj) 
Spon_Per_ID (PK) Same as Per ID in PERSON's table C 30 
Ward_Name (FK) Ward's Name C 30 
21. Entity Name: STARTER TITLE (..'itarter.dbj) 
S _ Title_No (PK) Starter Title Number C 30 
S Date Iss Date Issued Date 8 - -
S Date Conv Date Converted to Landhold Title Date 8 - -
PI_Iss Place Issued C 30 
PTO _ Cert (FK) PTO Certificate Number C 30 
22. Entity Name: STREET (Attributes oJStreets.shp) 
Str _ Name(pK) Street Name C 30 
Sur_Type Surface Type C 30 
Width Width C 30 
No of lane Number oflanes I 30 
\Vard _Name (FK) Ward's Name C 30 
23. Entity Name: SURVEYOR (.Yurveyor.dbj) 
Sur_Per_ID(pK) Same as Per ID in PERSON's table C 30 
PLS No Professional Number C 30 
Com Name Company's Name C 30 










24. Entity Name: WARD (Attributes o/Ward Boundary.shp) 
'JVard_~ame(Pl<) 




Ward's Name C 
Name ofInforrnal Settlement C 
Population I 
Total Area of the block (in sq. metres) I 






25. Entity Name: WARD COMMITTEE CHAIR (Wardcomchair.dbj) 
WC_Per_ID (Pl<) 
Ward_Name (FK) 
EC _Name (Fl<) 
Same as Per ID in PERSON's table C 30 
Ward's Na.TIle C 30 
Name of Settlement Executive Committee C30 
Many-to-Manv Relationships 





Building I Owner 
Build_Code (Pl<) 
Own_Per_ID (PK) 
Owner I Occupant 
Own _Per_ill (PK) 
Occ_Per_ID (pl<) 
Site Number C 
Same as Per ID in PERSON's table C 
Building Code C 
Same as Per ID in PERSON's table C 
Same as Per ID in PERSO~'s table C 







29. Owner I Deed of Transfer 
Own_Per_ill (Pl<) Same as Per_TO in PERSON's table C 30 
DoT_Title (Pl<) Deed of Transfer Number C 30 
30. Surveyor I General Plan 
Sur_Per_ID(PK) Same as Per_ID in PERSON's table C 30 
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1. To select all leasehold sites in an urban informal settlement. 
2. To select all leasehold sites in a particular ward in an urban informal settlement 
3. To select all PTO sites in an urban informal settlement. 
4. To select aU PTO sites in a particular ward in an urban informal settlement. 
S. To select all PTO sites allocated after 1998/06/03. 
92 
6. To select all PTO sites allocated after 1998/06/03 in a particular ward in an urban 
informal settlement. 
7. To select aU residential dwellings in an urban informal settlement. 
8. To select all residential dwellings in a particular ward in an urban L"1formal 
settlement. 
9. To select high schools in an urban informal settlement. 
10. IdentifYing occupants of buildings (or structures) in an urban informal settlement 
11. IdentifYing o'wners of buildings (or structures) in an urban informal settlement. 
12. To select sites with starter titles issued after 1996/04/15. 












Solutions to the Sample Queries 
Query 1: To select all leasehold sites in an urban informal settlement. 
To address this query in ArcView GIS, the ALLOCATED SITES t.~eme in the 
informal.apr file must be selected, and the ALLOCATED SITES theme's attribute table 
must also be opened a..'1d resized to a reasonable size. Users must ensure that no record is 
selected or highlighted at this stage. Open the Query Builder dialog box and enter t.he 
following syntax: 
([L_Tenure] = "Leasehold") 
Comment 
In this example, four features and their associated records will be selected (or 
highlighted) in the vielll document and the theme's attribute table respectively. To 
provide tenure security in urban informal settlements, local land managers will be 
interested to know or identify the number of sites in an urban informal settlement that are 
held under lease agreement with the local authorities. 
Query 2: To select all leasehold sites in a particular ward in an urban informal 
settlement 
To address this query in ft.rcView GIS, the ALLOCATED SITES theme in the 
informal. apr must be selected, and its attribute table must be opened and resized. Again, 
deselect an previously selected features in the view. Open the Query Buider dialog box 
and enter t.~e following syntax: 












In this example, three features and their associated records "vin be highlighted in the view 
and the Lheme's attribute table respectively. The selected features, in this case, are the 
allocated sites in Ward "] 00" that are held under lease agreement. Also, local land 
managers at the 10ca1 authorities may be interested to know the number of sites in ea.ch 
ward in urban informal settlement that are held under lease agreement. 
Query 3: To select all 'Permission to occupy (PTO)' sites in an urban informal 
settlement. 
To address this query, th.e ALLOCATED SITES theme in the view must be selected, and 
the theme's attribute table must also be opened and resized, Users must ensure that no 
record is selected or highlighted at this stage. Open the Query Buider dialog box and 
enter the following syntax: 
([L _ Tenure] = "PTO") 
Comment 
In this example, sixteen features and Lheir associated records will be highlighted in the 
view and the theme's attribute table respectively. This example selects all allocated sites 
in urban informal settlements that are held under PTO. The PTO under this context 
simply means that individuals have been granted permissions to occupy sites in urban 
informal settlement. 
Query 4: To select all 'permission to occupy' (PTO) sites in a particular ward in an 
urban informal settlement. 
To address this query, the ALLOCATED SITES theme in the view must be selected, and 











or highlighted at this stage. Open the Query Buider dialog box and enter the following 
syntax: 
([L_Tenure] = "PTO") AND ([Ward_Name] = "100") 
Comment 
In this example, five features and their associated records will be highlighted in the view 
and the theme's attribute table respectively. The selected features, in this case, are all the 
PTO sites in Ward "100". 
Query 5: To select all Permission to occupy (PTO) sites allocated after 1998106103 
To address this query, the i\LLOCATED SITES theme in the view must be selected, and 
the theme's attribute table must be opened. Users must ensure that no record is selected 
or highlighted at this stage. Open the Query Buider dialog box and enter the following 
syntax: 
([L_Tenure] = "PTO") AND ([Date_oCall] > 19980603.AsDate) 
Comment 
In this example, twelve features and their associated records will be highlighted in the 
view and the theme's attribute table respectively. This query can be defined to identifY 
sites in urban informal settlements that were allocated after a certain date. Land managers 
at the local authorities will need this information to monitor the influx of people int.o an 
urban informal settlement. 
Query 6: To select PTO sites allocated after 1998106/03 in any particular ward in an 
urban informal settlement. 
To address this query, the ALLOCATED SITES theme in the view must be selected, and 











highlighted at this stage. Open the Quety Buider dialog box and enter the following 
syntax: 
([L_Tenure] = "PTO") AND ([Date_oean] > 19980603.AsDate) AND ([Ward_Name] = "200") 
Comment 
Tn this example, four features and their associated records wil1 be highlighted in the vielll 
and the theme's attribute table respectively. Also, this query can be defined to identify 
sites in any particular ward in an urban informal settlement that were allocated after a 
certain date or period. 
Query 7: To select all residential dwellings in an urban informal settlement. 
To address this quety, the ALLOCATED SITES theme in Lhe view must be selected, and 
the theme's attribute table must be opened. Users must ensure that no record is selected 
or highlighted at this stage. Open the Query Buider dialog box and enter the following 
syntax: 
([Land_Use] = "Residential") 
Comment 
In this example, fifteen features and their associated records will be highlighted in the 
view and the theme's attribute table respectively. Local land managers will be interested 
to know or identify residential houses (or structures) in an urban infonnal settlement. 
Query 8: To select all residential dwellings in a particular ward in an urban 
informal settlement 
To address this query, the ALLOCATED SITES theme in the view must be selected, and 











highlighted at this stage. Open the Query Buider dialog box and enter the following 
syntax: 
([Land_Use] = "Residential") AND ([Ward_Name] = "300") 
Comment 
In this example, four features and their associated records "viii be highlighted in the view 
and the theme's attribute table respectively. Land managers will be interested to know or 
identifY residential houses (or structures) in each ward in an urban informal settlement 
Query 9: To select high schools in an urban informal settlement 
To address this query, the SCHOOL theme in the view must be selected, and the theme's 
attribute table must be opened. Users must ensure that no record is selected or 
highlighted at this stage. Open the Query Buider dialog box and enter the following 
syntax: 
([Sch_ Type] = "High School") 
Comment 
In this example, three features and their associated records will be highlighted in the view 
and L~e theme's attribute table respectively. Land managers will be interested to know or 
identify schools in an urban informal settlement in terms of location, student population, 
date built, etc. 
Query 10: Identifying occupants of buildings (or structures) in an urban informal 
settlement 
To address this query, occupant.db! table must be joined to building.db! table via 











occupant.dhftable wiH be added to the building.dbftable. Open the Query Buider dialog 
box and enter the following syntax: 
([Build_code] "A3") 
Comment 
In this example, John G will be highlighted in the join table as the occupant of the 
building named A3 (i.e. the value under Occ_Name field). To remove the join, make 
BuiJding.dbftable active and select "Remove All joins" from the Table Menu. 
Query 11: Identifying owners of buildings (or structures) in an urban informal 
settlement. 
To address this query, owner.dbf table must be joined to bUilding.dbf table VIa 
owner Jlame, which is a common field in both tables. In this case the attributes of 
owner.dbf table will be added to the building.dbf table, Open the Query Buider dialog 
box and enter the following syntax: 
([Build_code] = "A6") 
Comment 
In this example, John G will be highlighted in the join table as the occupant of the 
building named A3 (i.e. the value under Occ_Name field). To remove the join, make 
Building.dbftable active and .select "Remove All joins" from the Table Menu. 
Query 12: To select sites with starter titles issued after 1996/04/15. 
To address this query, starter.dbftable must be joilled to sites.dbfmble via S _Title __ No, 
which is a common field in both tables. Tn this case the attributes ofstarter.dbftable will 












([S_Date_Iss] > 19960415.AsDate) 
Comment 
Tn this example, one feature and its associated records will be selected or highlighted in 
the view and the join table respectively. To remove the join, make sites.dbftable active 
and select "Remove All joins" from the Table Menu. 
Query 13: To select sites with landhold titles issued after 1996104125. 
To address this query, landhold.dbftable must be joined to sites.dbftable viaL Title_No, 
which is a common field in both tables. In this case, the attributes of landhold.dbftable 
will be added to the sites.dbf table. Open the Query Buider dialog box and enter the 
following syntax: 
([L_Date_Iss] > 19960425.AsDate) 
Comment 
In this example, one feature and its associated records will be selected or highlighted in 
the view and the join table respectively. To remove the join, make sites.dbftable active 
and select "Remove All joins" from the Table Menu. 
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